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This paper deals with nuclear conditions in the life history of 
Zanardinia collaris Crouan, a monotypic genus which with the 
genus Culleria constitutes the Cutleriaceae. Zanardinia is peren- 
nial and, like Cudlleria, is characterized by large motile spores, whose 
formation is limited to a very short period of the year. On account 
of the shortness of this period and the consequent difficulty in 
getting reproductive stages, it was described as a species of Zonaria 
(AGARDH 1) belonging to the Dictyotales, but was placed in the 
Cutleriaceae under its present name when CROUAN discovered that 
it had gametangia identical with those of Cuileria. 

Since AGARDH (I), several authors, including DreRBEs and 
SOLIER (7), CROUAN (4), JANCZEWSKI (11), and SAUVAGEAU (15), 
have described the outer morphology of the creeping and coriaceous 
thallus of Zanardinia and its multiplication by proliferation from 
the surface; and it must be admitted that some of these authors 
confused the young Zanardinia with immature stages of Culleria 
adspersa, the two forms being confusingly alike in the juvenile 
condition. 

REINKE (13, 14) was the first to describe the reproductive 
structures of Zanardinia. He observed, working at the Naples 
Station in 1875-1876, the actual fertilization of the female gametes 
by the male gametes. There seemed to be no apogamous germina- 
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tion of the unfertilized eggs. From the sporelings of both fertilized 
gametes and zoospores he obtained the filaments of Zanardinia 
which directly produce non-motile spores (Secunddrs poren), a single 
one in each cell. In his cultures Desmotrichum appeared later, and 
consequently the ultimate fate of the sporelings and of the non- 
motile spores was not clearly determined. 

SAUVAGEAU (15) is one of those who have done most work on 
the Cutleriaceae, having been publishing the results of cultures of 
Cutleria since 1898. He has shown that the thallus of Zanardinia 
is formed through the union of marginal filaments, and has described 
in detail the dorsiventral structure and the general topography of 
the constituent cells. 

The first cytological paper was that of the writer, which was 
published as a preliminary note two years ago (21). The material 
was collected in the Bay of Naples in the winter of 1908 and the 
spring of 1909, during which time I occupied a table of the Carnegie 
Institution at the Stazione Zoologica. Zanardinia was found in 
the vicinity of Posilipo growing on the surface of rocks or sunken 
wooden blocks down to a depth of about 25 meters. Cultures of the 
plants and of their sporelings and fixation of critical stages were 
made in the laboratory of the Station. The study thus begun at 
Naples was finished at the Hull Botanical Laboratory of the Uni- 
versity of Chicago. 

The paper presents first the mitosis in the vegetative cells of the 
gamete-bearing plants, the formation of the gametes, the fertiliza- 
tion and germination of the fertilized female gametes, and the 
apogamous germination of unfertilized female gametes; then there 
is described the mitosis in the vegetative cells of the zoospore- 
bearing plants, the formation and germination of the zoospores; 
and finally, there is a brief statement concerning an alternation 
of generations in the life history of Zanardinia. 


Mitosis in the vegetative cells of the gamete-producing plants 


Gamete-producing plants of Zanardinia in early stages of 
development, while in the form of a concave disk or cup resembling 
Peziza and no larger than 1 cm. in diameter, showed numerous 
mitotic figures in the superficial layers of the thallus, no matter 
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what time of day or night the material was fixed. After the plant 
became 5 cm. or more in diameter, mitosis was much more frequent 
near the margin of the thallus or in hairs growing from the margin. 
Aiter the plant reaches the adult size (8-10 cm. in diameter), the 
figures are very rare in the inner tissue and only occasionally found 
in superficial layers. 

The cells of Zanardinia have quite thick walls, which are thickest 
in the huge inner cells and less thickened in the cells of the super- 
ficial layers that contain more numerous plastids. The plastids 
take stains with avidity, and it was more difficult to bring out the 
details of the mitotic figure than in Cuileria and Fucus. The 
nuclei in the resting stage, in almost any part of the thallus, are all 
about the same size and are a little larger than the plastids. Each 
contains a small, deeply staining nucleolus, which lies in the center. 
The remainder of the nuclear cavity is almost wholly occupied by 
a large body of karyolymph, and a 
few scattered chromatin granules lin- 
ing the nuclear membrane. 

One of the conspicuous features of 
the resting nucleus of Zanardinia is 
the fact that outside the membrane 
there are frequently a number of 
deeply staining globules of irregular 
size. These globules are so close to 
the membrane that for some time I Fic. 
was in doubt whether they were filaments: a, of zoospore-bearing 
within or without the membrane. Plant; 6, of gamete-bearing plant; 
Careful study, however, showed clear- — 
ly that certain of them are outside the membrane. 
membrane and yet in close contact 
with it (fig. 1). As the nucleus increases in size and the chromatin 
granules within increase in quantity, delicate chromatin fibrils of 
irregular size appear among the granules. During this increase of 
chromatin granules, the deeply staining globules outside the mem- 
brane decrease, and finally disappear. A comparative study of 
many such cases has convinced me that the globules are quite 
closely allied to the chromatin and seem to pass readily through 
the nuclear membrane. 
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Chromatin granules thus formed gradually move away from the 
membrane; the chromatin fibrils lying mixed with the granules form 
globules here and there; and the granules and globules then develop 
so that they become nearly spherical and uniform in size, being 
about 22 in number. They are chromosome primordia. The 
chromatin fibrils are all used up in the formation of chromosomes, 
and the nucleus contains only the chromosomes, a nucleolus, and 
the nuclear sap. When the chromosomes become arranged at the 
equatorial plate, kinoplasmic accumulations, developed from the 
cytoplasm surrounding the nuclear membrane, appear at the poles. 
A well marked centrosome-like structure in the kinoplasmic masses 
occurs only at metaphase, disappearing in anaphase. The chromo- 
somes split longitudinally and half of each chromosome proceeds to 
each pole. During this process, the spindle is intranuclear. At 
telophase or at late anaphase, the nuclear membrane disappears 
and the two sets of crowded daughter chromosomes are surrounded 
by the cytoplasm, and the formation of the nuclear membranes 
follows. When the daughter nuclei are organized, the central 
spindle disappears completely. The cytoplasm lying between the 
two nuclei assumes a coarse, irregular alveolar structure, and the 
walls of the alveoli, probably after a change in their material, form 
a new cell plate. This process is similar to that in Fucus (20) and 
Cutleria (22). 


Male and female gametangia 


Mature gametangia.—Both male and female gametangia occur 
mixed on certain parts of the surface of the thallus (fig. 2). When 
the mature plant is living and fresh, the parts where the game- 
tangia are borne are conspicuous from the deep dark color, as dis- 
tinct from the deep brown of the general sterile surface. Both 
male and female gametangia are non-branched filamentous struc- 
tures arising from superficial cells of the thallus. The male 
gametangia mature earlier than the female in the same individual. 
The upper surface of the plant, except the margin, is smooth and is 
devoid of any hairy growth. The patches of sori are composed 
exclusively of filaments ending in terminal gametangia. Occasion- 
ally, however, mixed with the ordinary gametangia are hairs which 
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in their middle region produce male or female gametangia, indicat- 
ing that the latter are hairs in origin. 

The mature male gametangium consists of a number of tiers of 
small cells (the male gamete mother cells), each tier comprising 8 
cells, and since there are at most 33 tiers (fig. 4, 6), the output of a 
single male gametangium is about 264 gametes. The mature male 


Fic. 2.—Portions of thallus with a number of filaments bearing both male and 
female gametangia: a, male and female gametangia with stalks composed of one or 
two cells; most of them are near maturity; b, young gametangia; a female game- 
tangium with a stalk of three cells. 


gamete in the free swimming condition outside the gametangium is 
oval and usually contains two plastids. A portion of one of the 
plastids lying laterally near the anterior end has a deep orange 
color, which is the red pigment, and in close association with this 
pigment are two cilia, one directed toward the anterior end, 6 
times the length of the gamete, and the other in the opposite 
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direction, about 2.5 times the length of the gamete. The length 
of the entire male gamete is 4.5 (fig. 16, b). 

Development of the male gametangia.—As stated above, male 
gametangia arise from superficial cells of the thallus. One of the 


Fic. 3.—Filaments bearing 
gametangia in their middle region: 
a and b, with female gametangia; 
c and d, with male gametangia. 


superficial cells divides, giving rise to 
a gametangium initial and a stalk cell. 
Often two or more subsequent divi- 
sions occur and there is produced_a 
filament of two or more cells, the 
terminal one of which is a male game- 
tangium initial (fig. 5,a,b,c). Inrare 
cases a filament becomes a long mul- 
ticellular hair consisting of a single 
row of cells, and some cell in the 
middle of the hair becomes the game- 
tangium initial. This shows that the 
male gametangium is a hair in origin 
(fig. 3. c,d). This development of a 
male gametangium from a single su- 
perficial cell, occurring simultaneously 
in multitudes of neighboring cells on 
large areas of the surface of the thal- 
lus, results in the production of thou- 
sands of gametangia growing side 
by side, producing the dark-colored 
patches upon the thallus. 

The nucleus of the male gametan- 
gium initial increases considerably in 
size. The chromatin network of the 
resting nucleus is marked by a number 
of knots mixed with fibrils. The 
chromatin knots increase gradually 
in size in prophase and finally break 
up into 22 chromosomes. When chro- 


mosomes become arranged at the equatorial plate, two distinct 
centrosome-like structures are present at the poles. The nuclear 
membrane either persists or disappears at metaphase (fig. 6, a, b). 
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The nucleus passes into telophase, two new daughter nuclei are 
formed, and then the subsequent divisions occur. The details 
were followed from the second division to the last, and the pro- 
cesses are simply a repetition of the first. When the young game- 
tangium has reached the stage consisting of a single row of 7 or 
more cells, there occur also divisions perpendicular to the axis of 
the gametangia, so that each tier of the 
gametangium consists of 2 (fig. 6, 7), 4 (fig. 
6, 7), or 8 cells (fig. 7, a). During these 
divisions the nuclei in the gametangium 
do not necessarily divide simultaneously, 
but often in quite irregular order (fig. 6, 
c-g). The size of the nuclei does not dimin- 
ish in spite of the gradual and considerable 
diminution in size of the cell (fig. 6, a~j); for 
example, the figure in the first division in 
the gametangium (fig. 6, a) and that of the 
last division (fig. 6, g,7) are alike in size, 
while the first cell is ten times as large as 
the last. 

During these mitoses in the gametangia, 
chromosomes were counted in prophase, in 
polar view of metaphase and anaphase, and 
the number is 22. 

Regularity in the axes of these divisions, Sie. 4c 
which take place either parallel or perpen-  tangia: a, female gametan- 
dicular to one another, results in producing — gium with 8 tiers of gamete 
the well known male gametangia of Zanar-  ™°ther cells: 6, male game- 

ae tangium, with 33 tiers of 
dinia, comprising more than 30 tiers, each gamete mother cells. 
tier made up of 8 cells (fig. 7, 6). Each 
individual cell in the gametangium is a male gamete mother cell, 
within which a single male gamete is formed. The mother cell 
contains a single large nucleus situated in the center, and usually 
two plastids whose position varies (fig. 7, a, 6). The nucleus 
passes into a complete resting condition. One of the plastids 
moves near the nucleus and then a part of the plastid body becomes 
deep orange in color, which is the red pigment (fig. 7, c). When 
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the male gamete is mature, a portion of the free surface of the 
membrane of the mother cell dissolves so as to leave a pore, 
through which the gamete is discharged (fig. 8). The cilia of the 
gamete first protrude from the pore, keep moving for a while, and 
then the whole body of the gamete emerges and is set free. 
Mature female gametangia.—Mixed with male gametangia, there 
are developed female gametangia, which arise like the former from 
superficial cells of the thallus. The mature female gametangium 
consists of several tiers of mother cells, the number of tiers varying 
from 3 to 9 (figs. 2 and 4, a). Each tier comprises 2 or 4 mother 
cells, so that the output of gametes from a single female gametan- 
gium fluctuates between 6 and 36. The mature female gamete in 


Fic. 5.—Portions of thallus showing origin of male gametangium initial: a, b, c, 
2, 2 or 3, and 3 or 4 layers of superficial cells respectively, outermost of which in each 
case are male gametangia. 


the free swimming condition outside the gametangium is oval (fig. 
16, a) and usually contains less than 30 plastids. The anterior end 
of the body is destitute of plastids and consists of colorless granular 
cytoplasm, thus indicating polarity in the organization of the body. 
A portion of some plastid near the periphery in the anterior end 
takes up a deep orange coloring matter, which is the red pigment. 
Close to the pigment, two cilia are borne; one being directed toward 
the anterior end, 2.25 times the long diameter of the gamete, and 
the other in the opposite direction, 1.3 times the diameter of the 
gamete. The diameter of the female gamete is 19-23 #. Active 
motility of the female gamete does not last long; at the longest 
under observation, the movement becomes sluggish within an hour, 
the shape becomes spherical (figs. 16, c, and 26), and the cilia are 
withdrawn or coalesce with the protoplast. 


>. 
a 
6 c 


1913] YAMANOUCHI—ZANARDINIA 


Development of female gametangia.—Like the male gametangium, 
the female gametangium arises from a superficial cell of the thallus. 
One of the superficial cells divides, giving rise to a gametangium 
initial and a stalk cell. A second or third division may be inter- 
calated between the first division of the superficial cell and the 


Fic. 6.—Male gametangia in various stages of development: mitotic figures in 
prophase, metaphase, and anaphase show 22 chromosomes: a, one of the superficial 
cells, whose division will result in two gametangium initials; 6, first division in a 
gametangium initial; c, 2-celled stage; d, 5-celled stage; e, 7-celled stage; /, game- 
tangium comprising 8 tiers; g, comprising 9 tiers; , 7, and j show respectively the 
cross section of gametangia of 1, 2, and 4 rows of cells. 


differentiation of the gametangium initial, and in this case, the 
female gametangium has a stalk consisting of two or more cells 
(figs. 1 and 9, a, 6). In rare cases, the female gametangium initial 
develops from a middle cell of a multicellular hair which has arisen 
from a superficial cell, indicating the hair origin of the female 
gametangia. The formation of the female gametangium takes place 
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simultaneously in multitudes of neighboring superficial cells, so 
that thousands of filamentous gametangia are produced, covering a 
considerable area of the surface of the thallus. 

The nucleus of the female gametangium initial increases greatly 
in size, like that of the male, and becomes larger than the vegetative 
nucleus. The chromatin of the nuclear reticulum gradually in- 
creases and finally there is organized a prophase with 22 chromo- 
somes (fig. 10, a) and a 
single nucleolus. The 
nuclear membrane 
either persists or dis- 
appears at the time of 
the organization of the 
equatorial plate (fig. 10, 

Fic. 7.—Mature male gametangia: a, cross b,c). The centrosome- 
section; 6, tangential longitudinal section; c,optical Jike structures at the 
section viewed laterally, in which red pigment spots 


: : oles are present onl 
have developed in a part of the plastids closely P z sie y 
associated with each nucleus. during metaphase and 


early anaphase. At telo- 
phase, two new daughter nuclei are formed, and no central spindle 
remains between them. The cell plate is laid down by the coopera- 
tion of the vacuoles and by the transformation of cytoplasm. 

The gametangium initial in the unicellular stage, whether male 
or female, shows no difference so far as the visible structure and size 
are concerned. The marked difference in the size of the male and 
female gametangia begins when the gametangia have reached the 
two-celled stage (figs. 6, c, and 11, b). The considerable growth of 
the cells in the gametangium is accompanied by that of the nuclei, 
and the details of the nuclear division are more readily and accu- 
rately followed during the gradual development of the female 
gametangium. Asin the case of the male gametangium, subsequent 
divisions were followed up to the last division (figs. 11-15). The 
nuclear divisions in the cells do not take place simultaneously. 
When the gametangium has attained the three-celled stage, a cell in 
each tier divides transversely. One more transverse division may 
or may not occur; in the former case each tier consists of 4 cells 
(fig. 15, 6), and in the latter it remains composed of 2 cells (fig. 15, ¢). 
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During these mitoses, chromatin globules accumulating outside 
of the membrane of the resting nucleus, and their gradual dis- 
appearance with the simultaneous increase of chromatin sub- 
stances within the network, are beautifully shown. In prophase, 
in metaphase viewed from the pole, and in 
anaphase, 22 chromosomes are distinctly 
shown (figs. 11-14) proceeding toward the 
pole with equal rapidity. 

The female gametangium comprising 
3-9 tiers of cells, with 2 or 4 cells in each 
tier, is now established. Each individual 
cell of the gametangium is a mother cell 
and the whole contents of the cell become 
transformed into a single female gamete. 
The mother cell contains a large resting 
nucleus, surrounded by plastids. A por- 
tion of one of the plastids lying near the 
nucleus shows a deep orange color, which 
is the red pigment (fig. 14, a, b,c). When 
the female gametes are matured, a portion - 
of the membrane of the mother cell dis- Fic. 8.—Mature male 
solves, forming a pore through which the pe ey iii 
gamete is discharged. The cilia of the 
gamete first appear outside the pore, keep waving for a time, and 
then the gamete is set free. 


Fertilization and germination of the fertilized female gamete 


The discharge of both male and female gametes occurs at almost 
any time during the day and night. Taking the case of a certain 
individual plant growing in a tank in the laboratory, the male 
gametangia matured and the discharge of the gametes began while 
the female gametangia were still in an immature condition, and did 
not mature and discharge their gametes until two or three days later. 
The time relations of the maturity of the male and female gametes 
in nature may be similar to that in artificial cultures. A periodic 
discharge of the gametes from the mature gametangia was observed 
to be most abundant at about 5:30 A.M., after which the discharge 
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gradually diminished, and finally ceased about 8:00 A.M. The male 
gametes continue in the motile condition for more than 24 hours, 
while the female gametes retain their motility for scarcely one 
hour and sometimes only for a few seconds. Toward the end of the 
motile condition, the movement of the gametes becomes sluggish, the 
cilia become coalescent with the protoplast, and finally the shape 
of the gametes becomes spherical. Even after the gametes have 
assumed the spherical form the polar organization in regard to the 
distribution of plastids is not lost. The area of granular cytoplasm 
with no plastids remains for a considerable time. From observation 
of the living material, it is evident that the formation of the wall, its 


Fic. 9.—Portions of thallus showing the origin of the female gametangium 
initials: a and b, 2 and 3 layers of superficial cells respectively, outermost of which in 
each case are female gametangium initials. 


subsequent thickening, and the elongation of the sporeling, both of 
fertilized and unfertilized female gametes, are in this area of the 
anterior end of the gamete. The union of male and female gametes 
and the succeeding nuclear behavior were studied in the material 
from artificial cultures as in my investigation of Cuileria (22). 
The fixations of the sporelings were made every 30 minutes for 24 
hours, and then at 30, 36, 40, 46, 48 hours, and later every 5 days 
up to 30 days. 

The male gametes while swimming freely become attached to 
the female gametes which are moving actively or sluggishly. 
Numerous male gametes, however, after swimming for a long period, 
even 24 hours, fail to come into contact with the female gametes, 
and then the movement ceases and the cilia fuse with the plasma 
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membrane of the body, which now becomes spherical. The nucleus, 
with a very delicate membrane, shows a number of chromatin knots 
identical with the number of chromosomes (fig. 25). It is a notice- 
able fact that the nucleus 
of the male gamete, during 
the period of active move- 
ment, is in the resting con- 
dition, and when the gamete 
becomes quiescent without 
any union with a female 
gamete, it still shows the 
same structure as if it had 
united with the female 
gamete. 

When the male gamete has just become attached to the female 
gamete, both gametes have very delicate plasma membranes. 
The nucleus of the female 
gamete is at the center of 
the cell, as in the resting 
condition, but that of the 
male gamete shows 22 in- 
dependent chromosomes. 
The plasma membranes 
which lie between the 
cytoplasm of the male and 
female gametes become ob- 
scure and the cytoplasm of 
the two gametes comes into 
direct contact (fig. 27). 
The body of the male 
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Fic. 10.—Female gametangia: nuclei in the 
first division. 


Fic. 11.—Female gametangia in 2-celled b b 1 
stage: a, nucleus in prophase, showing 22 gamete can be observec 
chromosomes; b, nucleus with the accumulation for a short period as a pro- 


of chromatin globules around the outside of the tuberance from that of the 
membrane; c, one nucleus in anaphase and the 


other in metaphase. female gamete (fig. 27). 

Later, the protuberance is 
less prominent (fig. 28), and finally it is leveled down to the 
spherical curve of the body of the united gametes (fig. 29). The 
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male nucleus with 22 distinct chromosomes proceeds toward the 
female nucleus, which is in the resting condition (figs. 30, 31), 
until the male and female nuclei touch (fig. 32). The male 
nucleus is represented only by 22 crowded chromosomes closely 
applied to the periphery of the female nucleus (fig. 33); each 
chromosome of the male nucleus enters into the female nucleus (fig. 
34); and finally each chromosome becomes vacuolized and occupies a 
part of the female nucleus (fig. 34). Later, the fusion nucleus shows 
no place-distinction of network of both male and female origin. 
It is a question whether 
the reticula of male and 
female origin do occupy 
distinct places, lying side 
by side in the fusion nu- 
cleus, or whether they 
intermingle and resume 
their individuality at the 
time of chromosome for- 
mation. In any event, 
the fusion nucleus passes 
into a complete resting 
condition, with chroma- 


Fic. 12.—Female gametangia in 3-celled stage: tin knots of various sizes 
a, 2 nuclei in prophase, showing 22 chromosomes; and shapes, together 
b, 2 nuclei with chromatin globules around the out- x 
side of the membrane; c, 2 nuclei in metaphase. with delicate, irregular, 


discontinuous fibrils, 
forming a structure in which the male and female constituents 
cannot be differentiated by staining. 

The formation of the cell wall around the protoplast of the zygote 
is gradual. Neither the union of the male and female cytoplasm, 
nor the union of the male and female nuclei seems to be necessary 
to the formation of the wall, because there is great variability in the 
interval between the formation of the wall and the process of proto- 
plasmic union, and, moreover, in the cases of zoospores and unfer- 
tilized female gametes, the wall is perfectly formed. 

The first segmentation division of the sporeling from the 
fertilized gametes takes place about 24 hours after the union of the 
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gametes. In early prophase, the nucleus shows 44 chromosomes, all 
alike both in size and in shape (fig. 35). In middle prophase the 
chromosomes become more compact (figs. 36, 37). During the for- 
mation of the spindle, the nuclear membrane disappears and the 
equatorial plate is established (figs. 38, 39). The polar view of the 
plate shows 44 chromosomes (figs. 40, 41). Each chromosome splits 
longitudinally and half of each proceeds to each pole (figs. 42, 43). 
The growth of the sporelings holds no strict relation to the mitosis 
within; the mitosis may take place before the sporeling begins to 
elongate (figs. 17, 39, 
43), or more often 
the sporeling elon- 
gates while the nucle- 
us is in the resting 
condition (figs. 17,34). 
The axis of the first 
division, as a rule, is 
perpendicular to the 
growing axis of the 
sporeling. After telo- 
phase the sporeling 
is divided into two 
cells (fig. 44). The 
nuclei in the two cells 


1 fi Fic. 13.—Female gametangia with 4 tiers of cells: 
taneously ( g: 49) OF @and b, a nucleus in each with chromatin accumula- 
one after the other _ tions around the outside of the membrane and a nucleus 
(figs. 45-48). The in each in prophase, showing 22 chromosomes; ¢, 

7 nucleus in anaphase viewed from the pole, showing 22 
number of chromo- 


chromosomes. 

somes appearing at 

prophase (fig. 44) and metaphase (fig. 45) is 44. After the 3-celled 
stage, the growth of the sporeling is not very uniform. The 
numerous cases observed showed great variability in the method of 
developing into the multicellular condition. But one principal 
fact that holds true in almost all cases is that when the sporeling 
has reached the 2 or 3-celled stage, the cell divisions occur chiefly 
in a single terminal cell or in two upper cells, while the basal cell 
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never divides further. The basal cell is an elongated portion of 
the sporeling, predetermined in its unicellular stage. Some of the 
sporelings up to the 7-celled stage are shown in fig. 17. 

The sporelings in the cultures, after the 10 or more-celled stage, 
continue to develop in one direction. The cultures were watched 
and examined carefully every 5 days up to 30 days, when the plant 
was still in the filamentous condition (fig. 18, a). The filament 
with a holdfast at the base is unicellular, except near the base, 
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Fic. 14.—Female gametangia in 6 tiers of cells: a, 6, c, a nucleus in each in pro- 
phase and some in anaphase viewed from the pole, showing 22 chromosomes. 


where it is often multicellular. The filament is strikingly like the 
early stage in the sporelings of Aglaozonia. Later, this primary 
filament does not continue in the upward direction, but produces 
laterally at its base a number of filaments one after another and side 
by side, which fuse so as to form a funnel or cup, expanded upward 
and narrowly constricted downward. Upon the expanded upper 
margin of this shallow cup, the terminal parts of these filaments 
remain as hairs. The structure thus produced in the cultures 
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presents a striking likeness to the young plant of Zanardinia in 
nature, as it occurs thickly on the rock or broken wooden blocks in 
sea water. 


Germination of the unfertilized female gamete 


As previously stated, the female gametes after their discharge 
from the gametangia may come to rest very shortly or swim for as 
long a time as one hour. At the end of the movement, the female 
gamete becomes spherical. If the female gametes have failed to be 
caught by the motile male gametes, they remain as motionless, 


Fic. 15.—Portions of mature female gametangia: a, longitudinal section; 6 and 
c, cross sections. 


spherical bodies for a considerable time. If they have been 
fertilized, their nuclei may divide within 24 hours, but when 
fertilization has not occurred, mitosis is delayed. Even 30 hours 
after the quiescence, no wall has been recognized (fig. 50). About 
46 hours after quiescence a thin wall is developed, and when about 
48 hours old, nuclear division begins (figs. 52-57). Every phase 
in this division is typical and the number of chromosomes is clearly 
22 (figs. 52, 55). The elongation of the sporeling begins about 
46 hours after quiescence. At the 2-celled stage, one of the two 
cells which has a thickened wall at its free surface divides once or 
not any farther, and the cell corresponds to the elongated portion 
of the sporeling at the unicellular stage. The other cell, which has 
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no particular thickening of the wall. divides successively and gives 
rise to all of the subsequent structures. The general morphology 
of the sporeling in its subsequent development (fig 19) is like that 
of the fertilized female gamete. The late development of the 
sporeling was followed up to the stage consisting of about t100 cells. 
The sporeling at this stage is a filamentous structure whose outer 
morphological character is hard to distinguish from the filamentous 
product of the fertilized gametes. Whether the products of the 
apogamous sporelings would reach maturity is not yet determined. 


Mitosis in the vegetative cells of zoospore-producing plants 


Zoospore-producing plants of Zanardinia, in their external 
morphology, do not differ from gamete-producing plants except in 
their reproductive organs. The general morphology of the cells 
composing the thallus is alike in zoospore-producing and gamete- 
producing plants. The size of the cells in the superficial layers. 
where the reproductive organs originate, was measured in both 
plants and was found to be the same. 

Vegetative mitosis was studied in the cells of young plants 
1.5 cm. in diameter, and in older plants 7 or 8 cm. in diameter. 
The cells of the hairs upon the margin of the adult plants were 
also favorable for the study of vegetative mitosis. 

The size of the resting nucleus in the superficial cells is about 
the same as that of the plastids or is even smaller. That the 
chromatin network is represented chiefly by a number of irregular 
knots, that the deeply staining globules attached to the outside 
of the membrane gradually diminish as the quantity of the 
chromatin knots within increases, that centrosome-like structures 
are conspicuous only at metaphase and early anaphase, and that 
the formation of the cell plate at telophase is by means of alveoli 
of the cytoplasm, are features which repeat almost exactly those 
described for the gamete-producing plants. The fundamental 
difference, however, was the appearance of 44 chromosomes, which 
were counted accurately in prophase and in polar views at meta- 
phase and anaphase. 

On account of the cell organization, the zoospore-forming 
individual of Zanardinia cannot be considered as the homologue 
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of the gamete-producing form, although their similarity might 
mislead those who observe only the external features. - 


Formation of zoosporangia 


Zoosporangia are produced on the upper surface of the thallus. 
In the mature plants, the groups of zoosporangia are distinguished 
by patches of darker 
color which contrast 
sharply with the 
light-brown color of 
the sterile portion. 
These patches are 


composed of thou- 89 
sands of zoosporan- ey. 


gia, produced side by \ 
side upon the thallus. 


The patches look 
darker than the rest 
because the sporan- 


gia, no matter what 
their age, contain a 
great number of plas- 
tids which have an 
olive-brown color. Fic. 16.—Gametes sketched from living material: 
a, female gamete; 6, male gamete; c, female gamete 
; : which has assumed the spherical form; d, fertilized 
zoosporangia begins female gamete; e¢ and f, 2-celled sporelings from ferti- 
at a certain spot and lized gamete; in the sporelings large pigment spots 
proceeds centrifugal- are derived from the female gamete and small ones 
from the male gamete. 

ly,so that the younger 

stages are generally found at the edge of the patches. The details 
of the origin of the zoosporangium are as follows: A superficial cell 
of the thallus begins to swell, elongates slightly and divides, giving 
rise to two cells, the upper one a zoosporangium initial or zoospore 
mother cell and the lower one a stalk cell (fig. 20, @). The process 
occurs simultaneously or successively in a number of neighboring 
superficial cells, so that finally zoospore mother cells are produced 
in great numbers, crowded closely together. When the superficial 
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cell divides 1-3 times more, thus producing 3-5 layers of superficial 
cells, the uppermost cell becomes the zoospore mother cell (fig. 
20, b,c). Frequently several cell divisions take place in the super- 
ficial cell, so that a superficial cell develops into a filament consist- 
ing of more than 7 cells, the terminal one of which becomes the 
mother cell (fig. 21, a). Moreover, one of the superficial cells, 
unlike its neighboring cells, may develop into a long multicellular 


Fic. 17.—Sporelings from fertilized gametes: development in length is dominating. 


sterile filament (fig. 21, b), thus indicating the hair origin of the 
zoosporangia of Zanardinia. 

The nuclear division of the superficial cell which gives rise to 
the mother cell and stalk cell is typical, and 44 chromosomes are 
present (fig. 75). The zoospore mother cell or zoosporangium from 
a very early stage is distinguished from the sterile superficial cells 
by being longer than wide (fig. 76). The length of the mother 
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cell increases as it grows, until it reaches three times its width; 
then the nuclear changes begin. By this time the mother cell 
assumes its characteristic ellipsoidal shape, slightly swollen at 
the top. The nucleus grows with the growth of the cell (fig. 77). 
The nucleus in the resting condition contains delicate chromatin 
fibrils and a nucleolus. Outside the membrane and tightly applied 
to it there are deeply staining globules (fig. 77). As the chromatin 
fibrils inside the nucleus grow in quantity, the number and amount 
of the deeply staining globules diminish a> 
(fig. 78). Finally there appear chromatin ge 
threads stronger and more continuous than 
before, and the globules lying outside the 
membrane disappear completely. It is pos- 
sible that these globules consist of material 
closely allied to chromatin, and that they 
pass into the nucleus, thus contributing to 
the formation of chromosomes (fig. 79). 
The chromatin threads, which are con- 
tinuous for a considerable distance, run 
irregularly through the cavity and become 
more uniform in thickness (fig. 80). They 
gradually become arranged near the mem- 
brane, their parts running parallel by re- 
peated bending (fig. 81), and finally there 
are established a number of loops of differ- 
ent sizes centering at one part of the Fic. 18.—Sporelings: a, 
membrane (fig. 82). These loops shorten from a fertilized gamete 30 
and thicken (figs. 83-85). The loops now Ys after fertilization; 6, 
from a zoospore 25 days 
show double arms lying side by side; each  ajter becoming quiescent. 
arm of the loop is a single structure, its 
origin having been traced from the first indication of a thread 
structure direct from the chromatin fibrils. The transverse section 
of these parallel grouped loops is shown in fig. 86; the cut ends of 
two arms of one loop lie closer than the cut ends of the arms of 
another loop, and the number of the ends is about 88. The 
shortening and thickening of the loops proceed, and then they are 
gradually detached from the main group and form paired chro- 
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mosomes, the two arms of each loop forming a bivalent chromo- 
some (figs. 87, 88). After becoming completely detached from the 
membrane, 22 bivalent chromosomes are scattered throughout the 
cavity. 

The synaptic phase (figs. 79-87) illustrates the mode of origin 
of the bivalent chromosomes. The chromatin network of the 
resting stage, irregularly branched and thickened, becomes trans- 
formed into the chromatin fibrils in very early prophase, which 
grow more and more evenly thickened and continuous for con- 
siderable distances (fig. 79). This stage would show a double 
nature, if any such association of two individual fibrils occurs as 
a premature indication of later parasyndése in the formation of 
chromosomes, like that described for Lilium (GREGOIRE 10; 
BERGHS 3; ALLEN 2), Polysiphonia (YAMANOUCHI 19), and in 


Fic. 19.—Apogamous sporelings two or three days old. 


many other forms. But in Zanardinia the fibrils are single (fig. 79). 
These fibrils gradually become transformed into chromatin threads 
(figs. 80, 81) which directly form the loops by repeated folding 
(figs. 81-85). Each of these loops produces a bivalent chromosome, 
each element of a bivalent chromosome being derived from one of 
the two bent arms of a single loop. A loop in the synapsis stage, 
therefore, should be considered as composed of two sporophytic 
chromosomes associated end to end; the situation is exactly as in 
Lilium (FARMER and Moors 8), Fucus (YAMANOUCHI 20), Oenothera 
(GaTEs 9), and Cutleria (YAMANOUCHI 22). 

These 22 bivalent chromosomes gather near the center (fig. 80) 
and then are arranged at the equatorial plate (figs. g1-93). The 
two elements of each bivalent chromosome separate and proceed to 
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opposite poles (figs. 94-98). The chromosomes at the poles are 
aggregated together and two new daughter nuclei are formed 
(fig. 99). The daughter nuclei increase in size and reach a com- 
pletely resting condition (fig. 100). The second mitosis takes 
place simultaneously or in succession, with the two nuclei lying 
in the common cytoplasm of the mother cell (figs. 101-104), showing 
clearly in the metaphase 22 chromosomes, the reduced number 
(fig. 102). The 4 nuclei never divide any farther and never grow 
larger than the nuclei in the superficial vegetative cells. 


a 
Fic. 20.—Portions of thallus showing the origin of a zoosporangium: a, b, c, 2, 3, 


and 4 or 5 layers of superficial cells respectively, the outermost of which in each case 
are rows of zoosporangia. 


The relative position of the axes of the two mitoses and the 
longer axis of the mother cell is variable; the axis of the first mitotic 
figure is either in the direction of the axis of the mother cell or 
slightly oblique or at a right angle. In the second division, when 
the two mitotic figures occur at the same time, the relative position 
shows all possible directions of the axes. All of these mother 
cells show no polarity in regard to the axes of the mitotic figures. 

When the zoospore mother cell has reached the 4-nucleate 
stage, cleavage begins at the periphery of the protoplast, proceeds 
toward the inside, and the protoplasm is quickly cut by curved 
furrows, that finally divide it into uninucleate masses which are 
the zoospore primordia (figs. 106-108). The zoospore primordia 
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round off, leaving a clear space between them and the wall of the 
mother cell. The nucleus and plastids within a zoospore primor- 
dium take a varied arrangement, but there is a cytoplasmic zone 
entirely devoid of plastids, which becomes the anterior end of the 


zoospore. 
The segmentation of the protoplasm in the zoosporangium 


When.the mother cell has reached the 4-nucleate stage, the 
position of the four nuclei is either near the central axis or near 


Fic. 21.—Portion of thallus showing the filamentous nature of the zoosporangium: 
a, some of the superficial cells have grown into several-celled filaments, the terminal 
cells of which have become zoosporangia; 6, one of the cells equally ranked with neigh- 


boring zoosporangia has grown into a many-celled filament, showing the hair nature 
of the zoosporangium. 


the periphery of the cell. Sooner or later the four nuclei become 
quite uniformly distributed through the protoplasm (fig. 105). 
Plastids collect in the denser cytoplasm about each of the four 
nuclei, which become centrally placed (fig. 106). Segmentation 
takes place by curved cleavage furrows which start at the periphery 
of the protoplast of the mother cell and cut into the protoplasm 
(fig. 107). Finally the furrows so divide the protoplasm that it 
becomes blocked out into four approximately equal, uninucleate 
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masses which gradually round off as the zoospore primordia 
(fig. 108). 

A zoospore primordium when rounded off contains a centrally 
placed nucleus with its enveloping cytoplasm bordered by numerous 
plastids. At this time the primordium shows a nearly radial 
symmetry, which becomes changed later in connection with the 
formation of blepharoplasts. The process is as follows: There is 
first the movement of the nucleus and subsequent displacement 
of plastids. The nucleus 
begins to move toward the 
periphery of the body, dis- 
placing the plastids which 
are in its path. By this 
movement the nucleus does 
not quite reach the peri- 
phery, but almost all of 
the plastids are displaced 
from the region between 
the periphery and the nu- 
cleus, so that this region 
now contains only colorless 
cytoplasm. Then in this 
colorless cytoplasm an in- 


definite number of deeply Fic. 22.—Formation of blepharoplast in both 
staining granules appear, at zoospore and gamete: a, portion of a zoospor- 
first 3 Or 4, and then more. angium showing two zoospores, in the lower one 
Similar granules also ap- of which two cilia are developed from a blepha- 


roplast; 6, portion of a female gametangium, 
pear simultaneously around showing a single cell; c, gamete just discharged; 


the nucleus and close to it. red pigment is not differentiated by stains. 
These granules, with proto- 

plasmic strands between them, are arranged in a row running 
from the nucleus to the periphery, and the outermost one of these 
granules lies just inside the outer plasma membrane. Cilia are 
developed from that part of the outer plasma membrane (Haut- 
schicht) just inside of which the outermost one of these granules 
lies. The outermost one of the granules, the blepharoplast, there- 
fore arises in the cytoplasm, and has a special protoplasmic strand 
continuous with the nucleus (fig. 22, a). 
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The details of the origin of the blepharoplast of the gamete of 
Zanardinia are similar to those of the zoospore (fig. 22, b), and both 
accord with the account already given of gamete and zoospore of 
Cutleria (22). For many years there has been considerable diver- 
gence of opinion as to the origin and nature of the blepharoplasts 
of zoospores and gametes of algae. STRASBURGER (16, 17), from 
an investigation of Oedogonium, Cladophora, and Vaucheria, 
believed that in these forms the cilia are derived from a body 
(blepharoplast) arising in the outer plasma membrane, and Mort- 
TIER (12) gave a similar description for Chara. DANGEARD (5), 

studying Polyloma, de- 
scribed a blepharoplast 


| lying at the extremity 
PR i) of the cell directly under 
the outer plasma mem- 


brane, and found a 


threadlike structure 
(“rhizoplast”’) extend- 
ing from the blepharo- 


plast into the cytoplasm 
and sometimes ending at 


FG. 23.—Zoospores sketched from living ma- _ the side of the nucleus in 
terial: a, in condition; b, when a granule (“condyle”). 
saught among filamentous algae; c, in quiescent 
TIMBERLAKE (18) noted 


condition. 

in the zoospore of Hydro- 
dictyon that the blepharoplast is a body distinct from the plasma 
membrane and connected with the nucleus by delicate fibers, but 
he did not trace its origin. Davis (6) traced the origin of the 
blepharoplast in Derbesia. The granules that enter into its com- 
position come from the surface of the nucleus and travel along a 
system of protoplasmic strands to the plasma membrane beneath 
which the blepharoplast is formed. Of course, there are numerous 
descriptions of the blepharoplasts of bryophytes, pteridophytes, and 
gymnosperms which have been concerned chiefly with its possible 
relation to the centrosome, but a discussion of these cases is 
not essential to the present consideration of the origin of the 
blepharoplast of Zanardinia, which has no genetic relations to 
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such blepharoplasts or centrosomes. That the granule which is 
the blepharoplast primordium arises in the cytoplasm, and after- 
ward becomes established as the blepharoplast, shows physiological 
connection with the nucleus holds true in Polyloma, Hydrodictyon, 
Derbesia, Culleria, and Zanardinia. 

The zoospore in the free swimming condition is oval (fig. 23, a, b) 
and usually contains more than 30 plastids. A portion of one of 
the plastids near the blepharoplast, which lies in the plasma 
membrane, produces a deep orange color which is the red pigment. 
The length of the zoospore is 22.5 u; the cilium directed toward 
the anterior end is 2 times the length of the zoospore, and the 
other has the same length as the zoospore. 


Germination of zoospore 


The zoospores were observed to continue in the motile condi- 
tion at the longest 2 hours and at the shortest only 1o minutes. 
Toward the end of the movement, the zoospore becomes sluggish, 
its body gradually assumes the spherical form, and by this time 
the cilia become tangled and coalescent with the plasma membrane. 
The formation of the cell wall upon the plasma membrane is gradual. 
About 4 hours after the zoospores have become quiescent, no wall 
has yet been formed (fig. 64). In a majority of cases, about 20 
hours after quiescence a delicate cell wall is first recognized (fig. 65). 

The first segmentation mitosis of the germinating zoospore 
takes place about 24 hours after quiescence. The nucleus enters 
prophase at 24 hours, but the metaphase stage is found only in 
the material fixed 26 hours after quiescence (figs. 67, 68). The 
number of chromosomes counted at metaphase in polar view is 
22, the reduced number (fig. 69). Anaphase and telophase imme- 
diately follow metaphase (fig. 70) and the sporeling reaches the 
2-celled stage. One of the two cells in the sporeling, which is 
derived from the elongated portion of the sporeling at the 1-celled 
stage, either divides once (fig. 72) or remains undivided and becomes 
the holdfast; while the other cell continues to divide (figs. 71. 73, 
74). Some of the sporelings up to the 5-celled stage, obtained in 
cultures after 2 or 3 days, are shown in fig. 24. In about 25 days 
the sporeling has developed into a long filament (fig. 18, b). Later 
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at the base of the filament there are produced laterally and in 
succession a number of filaments whose marginal union forms a 
funnel or cup, while their free ends appear as hairs growing on the 
margin of the cup. The outer morphology of this new product 
of zoosporelings is similar to that of the germinating fertilized 
gamete. 


Alternation of generations 


In Zanardinia the plant bearing gametangia has a nucleus with 
22 chromosomes in both the vegetative and germ cells, and the 
number is doubled at fertilization by the union of the sexual 
nuclei. From this fact, the gamete-bearing plant of Zanardinia 
is the x generation, and the 2x generation begins at the fertilized 
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Fic. 24.—Sporelings from zoospores two or three days old. an J! 
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gamete. The fertilized gamete germinates with- Ws 
out any reduction of chromosomes, retaining ‘ae 
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potentialities of the new phase initiated at the vy 
union of the sexual nuclei and having 44 chro- 

mosomes. It produces first a filamentous structure from which a 
cup is developed later with hairs upon the margin. The latter 
form is similar to the Zanardinia plant as it occurs in nature. 

On the other hand, the Zanardinia plant bearing zoosporangia 
has a nucleus with 44 chromosomes in the vegetative cells. In 
the organization of four zoospores from a single mother cell, the 
number is reduced and the nucleus of the zoospore has the haploid 
number of chromosomes. From this fact, the zoospore-bearing 
plant is the 2” generation, which returns to the x generation during 
the formation of zoospores. The zoospore germinates with the 
haploid number of chromosomes and produces a filamentous 
structure from which there is developed a cup with hairs upon its 
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margin. The latter form is similar to the Zanardinia plant occur- 
ring in nature. 

In Zanardinia plants as they occur in nature, therefore, the 
x and 2% generations have similar outer morphological characters. 
When young, no distinction can be seen, but when the plants 
become mature, some individuals produce only gametangia, and 
others only zoosporangia. The cytological study has now shown 
that the gamete-bearing plant has 22 chromosomes and the zoospore- 
bearing plant double the number, and also that the product of the 
gamete-bearing plant establishes the Zanardinia plant with 44 
chromosomes, identical with the gamete-bearing plants as found 
in nature. Therefore it is certain that the Zanardinia plants in 
nature which have 44 chromosomes and produce zoosporangia 
come from the fertilized gametes, and the plants in nature which 
have 22 chromosomes and produce gametangia come from the 
zoospores. These two kinds of Zanardinia plants are not homolo- 
gous in character, but fundamentally different from each other, 
and in the life cycle alternate with each other. 

Zanardinia plants in the Bay of Naples grow all the year around. 
The formation of gametes and zoospores is restricted to a certain 
season of the year. From October to December, the plants are near 
the adult stage, but few are in reproductive stages, so that from 
their appearance it is impossible to determine whether they are 
gametophytes or sporophytes. From early in January to the 
middle of February, the plants with zoosporangia are abundant, 
and this season is the climax period of zoospore formation. Toward 
the end of February and during March, the gametangia-bearing 
plants are abundant, and this is the season of gamete formation. 
Then both kinds of adult plants cease to form reproductive organs 
but may continue to live as perennials with no remnant of repro- 
ductive organs. From February to April young sporelings are 
found and then gradually the larger cups appear. From May 
till October, the young plants, the product of both gametes and 
zoospores, grow and attain nearly the adult size in late autumn. 
It seems evident that zoospores are produced early in the season, 
in January and February, and that they germinate at once. The 
production of gametes is a little delayed and the fertilized gametes 
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germinate during February and March. These two kinds of spore- 
lings grow in the same location, often side by side, during the rest 
of the season, and from the next October to December the sporelings 
from zoospores develop into the adult form of the gametophyte 
and those from gametes into the adult form of the sporophyte. 
The condition of Zanardinia as it occurs in nature is in accord 
with the cytological evidence. 

By this cytological study of Zanardinia another type of the 
brown algae has been shown to have an alternation of generations 
in its life history. 

Summary 


1. The nucleus of the gamete-bearing plants contains 22 chro- 
mosomes and the male and female gametes contain the same 
number. 

2. In the union of the gametes the number is doubled, and 44 
chromosomes appear in the fertilized sporeling, which develops 
into the Zanardinia plant céntaining 44 chromosomes. 

3. The nucleus of the zoospore-producing plants contains 44 
chromosomes, and the number is reduced in zoospore formation, 
the zoospore containing 22 chromosomes. The zoospore with the 
reduced number of chromosomes germinates and develops into an 
individual with 22 chromosomes. 

4. It is evident that the gamete-bearing plants come from zoo- 
spores and that the zoospore-bearing plants come from fertilized 
gametes, so that the two generations alternate in the life history. 

5. The female gamete of Zanardinia may germinate apoga- 
mously. There is no irregularity in the mitotic process, 22 chro- 
mosomes being invariably present. The individual produced shows 
external morphological characters similar to those of the product of 
the fertilized gamete, but the fate of the apogamous individual was 
not determined. 
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EXPLANATION OF PLATES I-IV 


All figures were drawn with the aid of a camera lucida and Zeiss apochro- 
matic objective 1.5 mm. N.A. 130, in combination with compensating ocular 
12; except figs. 2-4, 17, 19-21, and 24, which were drawn with compensating 
ocular 4; figs. 16 and 23, which were drawn with compensating ocular 8; 
and fig. 18, which was drawn under Zeiss apochromatic objective 16 mm. com- 
bined with compensating ocular 12. The figures are reduced to one-half 
the original size. Figs. 1-24 are in the text. 


PLATE I 
Union of gametes and germination of fertilized female gamete 

Fic. 25.—Six male gametes which have just stopped the swimming move- 
ment: cilia withdrawn, nuclear membrane scarcely visible, and reticulum 
showing 22 chromosomes. 

Fic. 26.—Female gamete which has become quiescent: nucleus in resting 
stage. 

Fic. 27.—Union of male and female gametes: nucleus of male shows 22 
chromosomes and that of female in resting condition; no cell membrane has 
formed around the gametes. 

Fic. 28.—Body of male gamete still visible as a slight protuberance on 
that of female; note individual chromosomes in male gamete nucleus. 

Fic. 29.—Cytoplasm of male gamete entirely fused with that of female, 
and whole body of united gametes about spherical; male nucleus still shows 22 
chromosomes. 

Fic. 30.—Male nucleus has advanced toward female nucleus. 

Fic. 31.—Male nucleus has moved nearer female nucleus. 

Fic. 32.—Male nucleus is attached to female nucleus. 

Fic. 33.—Male nucleus with 22 chromosomes very closely applied to 
female nucleus in resting condition: part of cell membrane now thickened. 

Fic. 34.—Male nucleus has completely entered into female nucleus: dense 
chromatin granules are to be seen at part of female nucleus where male nucleus 
has entered; sporeling elongated at point where cell wall is thickened. 

Fic. 35.—Early prophase of fusion nucleus: 44 chromosomes and a nucle- 
olus present; all the chromosomes apparently alike both in form and size. 
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Fics. 36, 37.—Prophase: 44 chromosomes clearly shown; fig. 36 a sec- 
tion at right angles to long axis of sporeling similar to that shown in fig. 37. 

Fics. 38, 39.—Metaphase: fig. 38 shows characteristic elongation of 
sporeling and thickening of elongated portion of cell wall, while in fig. 39 
elongation has not yet begun. 

Fic. 40.—Metaphase viewed from pole: part of cell wall thickened, but 
no elongation of sporeling begun. 

Fic. 41.—Metaphase: cross section of sporeling perpendicular to axis of 
elongation; 44 chromosomes plainly visible at equatorial plate. 

Fic. 42.—Anaphase. 

Fic. 43.—Telophase: although part of cell wall has thickened, no elonga- 
tion of sporeling has begun. 

Fic. 44.—Sporeling in 2-celled stage: nucleus in terminal cell in prophase, 
and that of basal cell in resting condition. 

Fic. 45.—Sporeling in 2-celled stage: nucleus in one cell in metaphase, 
showing 44 chromosomes; no thickening of cell wall has begun. 

Fic. 46.—Sporeling in 2-celled stage: nucleus in terminal cell in late 
anaphase; basal cell elongated in two directions. 

Fic. 47.—Sporeling in 2-celled stage: nucleus in terminal cell in telophase. 

Fic. 48.—Sporeling in 2-celled stage: nucleus in basal cell in telophase. 

Fic. 49.—Sporeling in 2-celled stage: nucleus in terminal cell in anaphase 
and that of basal cell in metaphase. 

PLATE II 
Germination of unfertilized female gamete 

Fic. 50.—Female gamete 36 hours after quiescence: cell wall does not 
seem to be developed except at point where a slight elongation is noticeable. 

Fic. 5t.—Female gamete 46 hours after quiescence: cell wall now recog- 
nizable, especially at elongated point; nucleus in resting condition. 

Fic. 52.—Female gamete 48 hours after quiescence: nucleus with 22 
chromosomes in prophase. 

Fic. 53.—Nucleus in metaphase: contour of sporeling almost spherical. 

Fic. 54.—Nucleus in late metaphase, laterally situated: cell wall does 
not seem to be well formed. 


Fic. 55.—Polar view of metaphase showing 22 chromosomes. 

Fic. 56.—Anaphase. 

Fic. 57.—Telophase: elongation of sporeling is remarkable. 

Fic. 58.—Sporeling in 2-celled stage: nucleus in terminal cell in resting 
condition and that of basal cell in prophase, showing 22 chromosomes. 

Fic. 59.—Sporeling in 2-celled stage: nucleus in terminal cell in prophase, 
showing 22 chromosomes. 

Fic. 60.—Sporcling in 2-celled stage: nucleus in terminal cell in metaphase. 

Fic. 61.—Sporeling in 2-celled stage: nucleus in terminal cell in anaphase. 

FIG. 62, 63.—Sporelings in 3-celled stage: sporeling in fig. 62 has elongated, 
and that shown in fig. 63 is still about spherical. 
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Germination of soospore 

Fic. 64.—Zoospore 4 hours after quiescence: cell membrane not yet 
developed; nucleus in resting condition. 

Fic. 65.—Zoospore 20 hours after quiescence: cell wall has developed 
and elongation has begun where wall is thickened. 

Fic. 66.—Zoospore 24 hours after quiescence: sporeling has developed in 
three directions; nucleus in prophase shows 22 chromosomes. 

Fic. 67.—Zoospore 26 hours after quiescence: nucleus in metaphase. 

Fic. 68.—Metaphase: axis of mitotic figure perpendicular to that shown 
in previous figure. 

Fic. 69.—Cross section of sporeling 26 hours old which still has only a 
plasma membrane, although its nucleus has advanced to metaphase: chromo- 
somes in equatorial plate at metaphase clearly 22 in number. 

Fic. 70.—Anaphase: general contour of sporeling spherical. 

Fic. 71.—Sporeling in 2-celled stage: nucleus of terminal cell in prophase, 
showing 22 chromosomes. 

Fic. 72.—Sporeling in 2-celled stage: nucleus of basal cell in early pro- 
phase, showing 22 chromosomes. 

Fic. 73.—Sporeling in 2-celled stage: nucleus in terminal cell in metaphase. 

Fic. 74.—Sporeling in 2-celled stage: nucleus in terminal cell in prophase; 
comparison of mitotic figures in fig. 73 and fig. 74 shows variability in size. 


PLATE III 
Formation of zoosporangium 

Fic. 75.—One of the superficial cells of a young thallus of a zoospore- 
forming plant: nucleus in prophase, showing 44 chromosomes; this division 
will give rise to zoosporangium initial and stalk cell. 

Fic. 76.—Portion of superficial cells of a young thallus, showing a super- 
ficial cell at the left and a zoosporangium initial and stalk cell at the right. 

Fic. 77.—Young zoosporangium initial or zoospore mother cell of char- 
acteristic club shape: nucleus in resting condition. 

Fic. 78.—Resting nucleus slightly increased in size. 

Fic. 79.—Nucleus in very early prophase: chromatin network traversing 
nuclear cavity. 

Fic. 80.—Nucleus in early prophase: slightly more advanced than previous 
stage. 

Fics. 81-86.—Synapsis. 

Fic. 81.—Parallel chromatin threads running repeatedly back and forth. 

Fic. 82.—Chromatin threads beginning to be arranged in loops which 
become attached by their ends to nuclear membrane. 

Fic. 83.—Formation of loops further advanced. 

Fic. 84.—Loops shortened and thickened except two belated ones. 

Fic. 85.—Loops shortened and thickened except a single belated one. 
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Fic. 86.—Section near base of crowded loops in contact with membrane, 
showing 44 isolated cut sections of loops. 

Fic. 87.—Nucleus emerging from synapsis: several pairs of chromatin 
loops already in form of chromosomes. 

Fic. 88.—Majority of the two arms of each of these loops have developed 
paired arms of bivalent chromosomes. 

Fic. 89.—Diakinesis stage: 22 bivalent chromosomes present. 

Fic. 90.—Spindle with two poles just formed. 

Fic. 91.—Metaphase, with a centrosome-like body at each pole. 

Fic. 92.—Polar.view of metaphase, showing 22 bivalent chromosomes at 
equatorial plate. 

Fic. 93.—Polar view of metaphase, showing 22 bivalent chromosomes at 
equatorial plate; axis of mitotic figure at right angles to that of previous figure. 


PLATE IV 
Formation of zoosporangium (continued) 


As the stage advances, gradual increase of the thickening of the cell wall 
at the tip of the zoosporangium is noticeable. 

Fic. 94.—Late metaphase. 

Fic. 95.—Anaphase. 

Fic. 96.—Late anaphase. 

Fic. 97.—Anaphase further advanced. 

Fic. 98.—Telophase. 

Fic. 99.—Late telophase: two daughter nuclei in resting condition. 

Fic. 100.—Two daughter nuclei have grown quite large. 

Fic. 101.—Two nuclei simultaneously in metaphase of second division. 

Fic. 102.—Polar view of metaphase, showing 22 chromosomes. 

Fic. 103.—Anaphase. 

Fic. 104.—Late anaphase. 

Fic. 105.—Telophase. 

Fic. 106.—Zoosporangium or zoospore mother cell near maturity: plastids 
moving toward nuclei and surrounding them. 

Fic. 107.—Later stage: plastids around nuclei; cytoplasm has become 
detached from the cell wall and cleavage furrows have appeared; general out- 
lines of individual zoospores established. 

Fic. 108.—Mature mother cell containing 4 young zoospores: blepha- 
roplasts and cilia not yet formed. 
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THE ORIGIN OF THE ERECT CELLS IN THE PHLOEM 
OF THE ABIETINEAE 


M. A. CHRYSLER 
(WITH TWELVE FIGURES) 


In the course of a comparative study of the phloem of conifers, 
certain facts have come to light which seem to demonstrate the 
origin of the cells found on the margins of medullary rays in their 
course through the phloem, the so-called “‘erect cells’ of the rays. 
These cells are distinguished from the other cells of a ray by their 
elongation in the vertical direction, their almost total lack of starch, 
and their possession of sieve areas. Of these three criteria, the third 
is the final one, while the other two afford presumptive evidence of 
the nature of cells which may be found at the margin of a ray. 
Such cells are characteristic of the following genera: Pinus, Picea, 
Larix, Pseudotsuga, Cedrus, Tsuga, Abies, and also occur sporadi- 
cally in Juniperus and Thuja (7). 

In pitting and contents these cells strongly suggest a homology 
with sieve tubes, as STRASBURGER (5) has pointed out. The same 
author observed that like sieve tubes these cells lose their contents 
and collapse as the season advances, while the central cells of a ray 
enlarge and become laden with starch. In his paper on ray tra- 
cheids THOMPSON ('7) goes so far as to say that the erect cells are 
“virtually ray sieve tubes,” and, from the fact that marginal cells 
of both xylem and phloem portions of a ray arise from the same 
cambial cell, argues that the marginal cells in the xylem are tra- 
cheary in origin. The assumption that erect cells are sieve tubes in 
nature or origin is to be put to a test in the present paper. 

There are several possible origins for these cells. They may, 
like the ordinary (prone) cells of a ray, merge into the pericycle, or 
they may simply be prone cells which have taken on a new function 
and acquired a special shape, or they may be cells distinctly added or 
applied to a ray already existing in a simple condition, that is, 
constituted only of prone cells. 

An obvious method of attaining a solution of the question is 
Botanical Gazette, vol. 56] [36 
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suggested by the fact that young rays altogether lack erect cells. 
This may readily be observed in a seedling or in the early layers of 
growth of a stem or root. Attention has naturally been directed to 
the stage of growth at which the erect cells make their appearance, 
and a search has been made among the different organs of the plant 
for regions where a primitive condition would be likely to appear. 

The labors of Scott and of JEFFREY have shown that the 
reproductive axis is one of the places where primitive conditions 
frequently persist. It has already been shown (3) that ray tra- 
cheids are absent from the megasporangiate cone of Pinus; it may 
now be added that a search fails to reveal the presence of erect cells 
in the phloem region of the cone in Pinus, Picea, and Abies. 
Accordingly, the reproductive axis yields no results which apply 
to the present question. The leaf also is not well adapted to the 
present study, on account of the limited development of the 
phloem. The seedling, which has been studied with such advantage 
in other cases, has yielded results of much interest in the present 
instance, especially when the root is the part used. With the roots 
of seedlings have been compared young regions of roots of more 
mature plants. 

While Pinus has been made the basis of the present study, 
material of all the genera of Abietineae except Keleleeria has been 
available. Representatives of the hard and soft pines (P. resinosa 
and P. Strobus) and of species of Picea, Larix, Tsuga, and Abies are 
abundant around Orono, while material of Cedrus and Pseudolarix 
has been kindly supplied by Professor E. C. JEFFREY of Harvard 
University, and Pseudotsuga by Mr. F. D. Davis of Missoula, 
Montana. The pines of this vicinity have been supplemented by 
P. rigida collected by Mr. L. L. Woops of Wells, Maine, and 
P. cembroides, P. edulis, and P. aristata through the kindness of 
Dr. Forrest SHREVE of the Desert Laboratory, Tucson, Arizona. 
To each of these gentlemen I wish to express my obligation. In 
providing material the difficulty has been to secure the necessary 
stages; if the roots are too young the erect cells are absent, if too 
old the cells have collapsed to such an extent as to obscure their 
relationships. An age of about four to six years has been found to 
include the significant stages in P. Strobus, but older roots must be 
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used in the case of nut pines. Whenever possible, the material 
was preserved in a mixture of corrosive sublimate and picric acid 
dissolved in 30 per cent alcohol, desilicified in hydrofluoric acid, and 
imbedded in celloidin. For rendering the sieve areas visible, hema- 
toxylin, according to EHRLICH or especially HAIDENHAIN, proved 
useful, while a counter stain of safranin was generally employed. 
Russow’s callus reagent was occasion- 
ally of use. 

The appearances in P. Strobus will 
be first described. Fig. 1 represents in 
radial view the phloem region of a ray 
from the 6-year region of a root of a 
seedling of this age. The height of the 
erect cells is here considerably greater 
than is usually figured, for example, by 
STRASBURGER (5) and also copied in his 
Textbook (6), and such elongated cells 
are frequent in young roots. They 
suggest a close relation of these cells to 

Fic. 1.—Pinus Strobus, sieve tubes, as do also the sieve areas 
C-year root: radial section which are clearly visible in this section. 
through phloem in region of a 
ray, showing long erect cells Lhe cambial region of this and all the 
with sieve pores, and a double other figures illustrating this paper lies 
nucleus in two cases; the cam- tg the right. Two of the older erect 
bial region in this and the other ° 
figures lies to the right; X275. Cells show a doubling of the nucleus, 

which habit, as STRASBURGER points out 
(5, p. 68), is characteristic of young sieve tubes. Immediately to 
the left of these binucleate cells the crushed and empty older 
marginal cells are to be seen. 

Fig. 2 shows the region bordering on a medullary ray from an 
8-year root of P. cembroides. On the phloem side of the cambium 
are to be seen a number of prismatic cells arranged in several series 
in the radial plane. This layer of cells is intercalated between 
radial rows of sieve tubes. In some of these cells sieve plates are 
visible, while the protoplasm becomes more scanty as the older 
region of the phloem is approached. In other sections such cells 
may be seen to lose their cytoplasm and nucleus (frequently after 
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amitosis), and finally become completely collapsed during their 
second year, after the manner of sieve tubes. On the xylem side a 
few short tracheids are cut off, but their walls are thin, and they can 
be traced for only about the width of two tracheids. 

Cells in radial groups are frequent in the phloem of young roots 
in all the species of Pinus which have been studied, and their 
occurrence has been recorded by STRASBURGER (5), who states that 
they are characteristic of the young 
regions of the plant, before the tan- 
gential rows of phloem parenchyma 
cells become established. The pres- 
ent investigation goes to show that 
the radial groups of cells are not only 
more abundant in the young regions, 
but that they are more common in 
young roots thanin stems. It should 
be stated, however, that the cells of 
the radial rows do not for the most 
part correspond to phloem paren- 
chyma, as will presently appear. In 
many cases the cambium for a period 
of one or more years cuts off no cells 
on the xylem side, but generally from 
the median region of such radial 
groups a narrow medullary ray is de- 
veloped, as is clearly shown in fig. 3, 
which is drawn from a 5-year root of 


J Fic. 2.—P. cembroides, 8-year 
P. resinosa. Cambial activity dwin- root: radial group of cells provided 


dles until it is confined to the median With sieve pores; at the right the 
region of the radial group, and a med- ee a 
walled short tracheids; X 275. 

ullary ray one cell in height is formed. 

It will be noticed that in the xylem region this ray consists of 
tracheids, though cases occur where the ray cells first formed 
are tracheids and the later ones are parenchymatous, as shown by 
the pitting. Thus a tracheidal ray may turn into a parenchyma- 
tous one, but the reverse seems to happen seldom if ever. Atten- 
tion has been called to this point by THompson (7). The initial 
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stages in the development of the xylem portion of such a ray have 
been observed in numerous instances, and one is represented in 
fig. 4, from a 7-year root of P. aristata. It will be seen that the 
narrow ray ends on the xylem side in a somewhat pointed cell. 
This method of formation of a narrow ray differs from the one 
described by THompson in that the initial activity seems here to be 
on the phloem side, and the narrow ray is wholly independent of 


Fic. 3 Fic. 4 


Fics. 3, 4.—Fig. 3, P. resinosa, 5-year root: radial plate giving rise to a narrow 
ray; 275; fig. 4, P. aristata, 7-year root: beginning of the production of a narrow 
ray; X275. 


transitional elements on the xylem side. Instead of giving rise to a 
single narrow ray, a radial group may be lined up with two or three 
narrow rays, which, however, consist at first wholly of tracheidal 
cells. We have here a prolific source of new, that is, secondary rays 
in the young root. I have observed the formation of parenchyma- 
tous rays in the same manner in Juniperus. 

In fig. 5, from the same root as fig. 3, is seen what frequently 
takes place when one of the radial groups adjoins a medullary ray. 


| | | | | 

| 

| | | lo | 


1913] CHRYSLER—PHLOEM OF ABIETINEAE 4! 


The cells in question apply themselves to the side of the ray, and as 
cambial activity in the radial group slackens, this activity is 
restricted to the border of the ray, thus changing the ray from a 
simple one consisting only of parenchymatous cells to a ray provided 
with marginal cells. With fig. 5 may now be compared fig. 1, 
which shows the same mode of origin for the marginal cells of the 
phloem region of the ray in P. Strobus. Observations have been 
made on representatives of the hard and soft pines, including the 
nut and foxtail pines, and appearances similar to fig. 5 have been 
found in all, when roots of appro- 
priate age were examined. 

Regions where two rays lie near 
one another in the vertical plane 
present appearances which may 
readily be explained in the light of 
what has been said of the radial 
plates. Fig. 6 shows such a region 
in a 6-year root of P. Strobus. In 
the upper part of the figure is a 
ray which on one margin is desti- 
tute of erect cells, and on the other 
(lower) margin is provided with a 
fringe of much elongated cells 
which soon merge into a group of FIG. 5.—P. resinosa, 5-year root: 
prismatic cells forming a radia] 2 ‘dial plate is in contact with a 

‘ v medullary ray, producing a row of 
plate of tissue by means of which cells; X275. 
the ray shown is connected with 
another which lies below the area covered by the figure. These 
cells of the ‘radial plate” show precisely the same histological 
features as those previously described, such as the sieve areas which 
are here shown. At the extreme left of the figure is a row of phloem 
parenchyma cells, which are easily distinguished from the cells of 
the radial plate by the starchy contents and swollen shape of 
the former. 

Further transition stages are shown in fig. 7, from a 5-year root 
of P. Strobus, which represents cases where two rays are closer than 
those in fig. 6. Almost from the time of their formation from 
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cambial cells the erect cells of the two rays come into contact, and 
_ soon merge into the condition where a single cell spans the space 
' between the rays. As before, such cells lose their contents and 
become greatly compressed in the radial direction. 

Fig. 8, from the same root as fig. 7, represents a case where two 
rays are practically in contact. A cambial cell is seen to give rise 
on the phloem side to pairs of cells which appear to have earlier 
been undivided, as seen in the extreme left of the figure; the nature 


Fic. 6 Fic. 7 


Fics. 6, 7.—Fig. 6, P. Strobus, 6-year root: region between two rays, with radial 
plate merging into erect cells; 275; fig. 7, 5-year root: two rays nearer than in 
fig. 6. 


of these cells is shown by the sieve areas as before. On the xylem 
side the cambial cell has given rise to irregular shaped tracheids 
which are evidently of the kind described by THompson (7), and 
by him regarded as transitional forms between ray tracheids and 
regular tracheids of the xylem. 

It is altogether probable that the prismatic cells lying between 
two neighboring rays, as shown in figs. 6-8, are of the same nature 
as the cells of the radial groups, inasmuch as the contents, pitting, 
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and fate of the cells are the same in both cases. Where two rays 
are in vertical proximity, it is to be expected that the intervening 
space will be occupied by one or two cells, but here, as in the case 
of the radial plates of cells, there is seen a tendency for the cambial 
activity to be localized in the region of a ray. 

Several of the figures illustrate a point which must be 
emphasized, namely, a ray uniformly begins its course in the outer 
phloem as a simple structure consisting exclusively of “prone”’ 
cells which at certain times of year contain abundant starch, and 


Fic. 8 Fic. 9 


Fic. 8, 9.—Fig. 8, P. Strobus, 5-year root: two rays almost in contact; fig. 9, 
P. aristata, 7-year root: origin of erect cells by cutting off a cell from the end of a 
sieve tube; 


only after cells of a radial group become applied to its margin does 
the ray come to have a border of “erect” cells. Such a border is 
usually added to only one edge of the ray at a time, though cases 
occur in which borders are added to both edges simultaneously. 

A slightly different mode of origin of the erect cells has been 
observed in a number of cases. One of these is shown in fig. 9, 
from a 7-year root of P. aristata. Beginning at the left it will be seen 
that the ray is not provided with a border of erect cells, but that 
sieve tubes come in contact with the ray. A little farther to the 
right an elongated cell provided with sieve pores is cut off from a 
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sieve tube, and immediately a border to the ray is produced, with 
the erect cells as usual coterminous with marginal tracheids. 
Similar instances have been found in other species of Pinus, and the 
transition from sieve tube to erect cell is not always as abrupt as in 
the case figured. Since the cells of the radial rows are sieve tubes 
in all respects save length and the nucleus, the occasional formation 
of an erect cell by cutting off a segment from a sieve tube does not 
seem surprising. In fact it does not seem necessary to assume an 
absolutely uniform mode of ori- 
gin for the erect cells, in view 
of the fact that a certain cambial 
cell may be giving rise to ray 
tracheids, but for some reason 
suddenly cut off a parenchyma 
cell instead. Similarly a row of 
ray cells of the phloem may at 
first be albuminous, but later- 
formed members of the row may 
contain starch. We are inter- 
ested here, however, in the ques- 
tion as to the evolutionary origin 
of the erect cells, rather than in 

Fic. 10.—P. Strobus, 4-year root: occasional modes of origin. 
sieve tubes have cut off cells from their An interesting mode of for- 
ste resulting in production of a ray; ee ray, showing the 

na tendency of sieve tubes to cut 
off a cell from the end, has been observed a few times. An example 
of this mode, from a 4-year root of P. Strobus, is represented in 
fig. 10. In this case the habit of cutting off a cell from the end of 
a sieve tube has become so well established that a narrow ray has 
originated, as seen in the cambial region at the right. This process 
is entirely similar to the mode of origin of erect cells described in 
the preceding paragraph. 

Although the most significant results have been obtained from a 
study of the young root, the stem of Pinus has also been examined 
to some extent, but the mode of origin of the erect cells in this case 
was so indefinite compared with what may be seen in similar regions 
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of the root that the study was soon discontinued. ‘THOMPSON’s 
statement with respect to the ray tracheids may be aptly quoted in 
this connection (7, p. 108): “‘ The root is admittedly more conserva- 
tive than the stem. Accordingly in the latter the evolutionary 
processes are not so well represented. There is a hurrying over of 
the early stages, so that an actual series can rarely be observed.” 

Examination of the stem of a number of seedlings of P. Strobus 
and P. resinosa showed that (1) the rays in both the xylem and the 
phloem regions were without mar- 
ginal cells for several years; (2) 
the marginal cells as a rule make 
their appearance slightly earlier in 
the phloem than in the xylem. 
This feature is shown clearly in 
roots as well; in fig. 11, from a 
5-year root of P. resinosa, is a 
triangular cambial cell which has 
cut off a succession of erect cells, 
while as yet no cells have been 
cut off on the xylem side. Fig. 7 
shows the same feature, and with Fic. 11.—P. resinosa, 7-year root: 
it may be compared the condition the cambial cell on the lower side of 

ae “ the ray cuts off cells on the phloem 
represented in fig. 4. Addition of side but not on the xylem side; X 275. 
the marginal cells does not begin 
in all or many of the rays simultaneously, but after the plant is 
two to three years old a few of the rays acquire the border. 

With respect to the remaining genera of Abietineae, only a few 
species have been studied with any approach to thoroughness, but 
enough has been done to show that many of the features figured in 
this paper occur in Picea, Larix, Tsuga, and Abies. The same radial 
groups of cells occur, and the phenomena seen where two rays are 
vertically contiguous may sometimes be seen. For instance, fig. 6 
might be almost duplicated from a young root of Tsuga canadensis. 

The genus Abies presents points of interest, on account of the 
fact that most species lack marginal cells in the xylem, though they 
are generally present in the phloem. THOMPSON points out that the 
erect cells are “‘never in line with the parenchyma cells of the ray, 
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but always above or below them. Often they are in line with two 
or three degenerating cells on the wood side” (7, p. 112). The 
conclusion seems justified that Abies represents a genus which has 
descended from ancestors which possessed ray tracheids, and is less 
primitive than Pinus. In spite of this, it may sometimes be made 
out in young roots of Abies balsamea that the erect cells have the 
same mode of origin as has been described for Pinus. Fig. 12 
illustrates this point, as well as the fact that the triangular cambial 
cell gives rise to erect cells but not to ray tracheids. In many 

instances the shadowy remains of marginal 

tracheids appear in these root sections. 

» With this persistence of marginal cells in 
the phloem may be compared their earlier 
appearance in the phloem than in the 
xylem, as seen in seedlings of Pinus. Just 
why a cambial cell should be more apt to 
cut off segments on the phloem side than 
on the xylem side is hard to say; since the 
supply of food is on the phloem side, un- 
equal nutrition may be the cause at work. 

But it is possible that we must consider the 
_ Fic. 12—~Abies balsamea, to be a more conservative region 
8-year root: the erect cells : 
have the same mode of than the xylem, in which case the observa- 
origin as in Pinus; the tion has interest from the phylogenetic 
cambial cell at margin of standpoint. The latter view of the case 
the ray cuts off erect cells. P 
supported by my observations on Ju- 

niperus, in which genus PENHALLOW (4) 
found ray tracheids occurring sporadically. If a radial section of 
J. communis is cut so as to include phloem as well as xylem, it is seen 
that where ray tracheids occur near the cambium they are cotermi- 
nous with erect cells. But in the root of J. virginiana, in which 
species ray tracheids have not been reported, a number of instances 
have been found where the phloem portion of a ray is provided with 
a border of well marked erect cells, ending at the cambium in a 
blunt cell, reminding one of the appearances in Abies balsamea. 
Judging by the leaves, J. communis is a more primitive species than 
J. virginiana, hence we are prepared to find ancestral features per- 
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sisting in the former which have been lost in the latter, that is to 
say, marginal cells occur in the xylem and phloem of J. communis, 
while they are restricted to the phloem of J. virginiana. If, as 
recent studies indicate, the Cupressineae are derived from large- 
leaved conifers such as the Abietineae, the persistence of marginal 
cells in the phloem after they have disappeared from the xylem 
must be interpreted as the retention of an ancestral feature, which 
amounts to saying that the phloem is a comparatively conserva- 
tive region. 

The genus Cedrus shows in a marked way the belated appearance 
of the ray tracheids compared with the erect cells, but a detailed 
consideration of Cedrus and Pseudolarix is reserved for separate 
treatment in a future paper. 

The choice of Pinus for detailed study has been made on the 
basis of its probably primitive nature, in the light of recent paleon- 
tological discoveries. If the origin of the erect cells is established 
for Pinus, it holds for the other genera of Abietineae, though’they 
may not so clearly show the formative stages. Within the genus 
Pinus it appears from the work of Battey (1) that the nut and 
foxtail pines are to be regarded as the most primitive, hence 
P. edulis, P. cembroides, and P. aristata from Arizona were studied 
with especial interest. Although difficulties were experienced in 
judging the ages of roots, and seedlings were not available, the 
material showed the same appearances as had been observed in the 
eastern pines, as several of the figures indicate. One point was 
established which forms an additional argument for the primitive 
nature of these species, namely, the marginal cells in the xylem 
make their appearance considerably later than in the eastern pines 
investigated. Since marginal cells are absent from the reproductive 
axis and from the early rings of growth in stem and root, and 
particularly because they are not found in the older Pityoxyla (3), 
they are regarded as of comparatively recent introduction, and it 
follows that those species in which they appear late in development 
are to be considered primitive, unless other evidence indicates the 
contrary. In respect to the time of appearance of the marginal 
cells, the nut pines and certain of the hard pines, such as P. rigida, 
stand at opposite extremes, according to the limited study which 
this point has received. 
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Doubt has been cast by BAILEY (2) on THompson’s theory as to 
the origin of ray tracheids (7), on the ground that the roots used 
were probably wounded. With this criticism in mind, the material 
used in the present investigation has been carefully examined for 
evidences of wounds. Though the possibility of such is not denied, 
it may be said that the soundest and straightest pieces were selected 
for study, and no indications of wounds were seen in the sections. 

It may be fairly considered that the relation of erect cells to sieve 
tubes is established, first because of the occurrence in primitive 
regions of the plant of erect cells so greatly elongated as to be 
eight times as long as wide, secondly because of their containing 
much protoplasm but no starch, thirdly because they possess sieve 
pores, fourthly because they eventually lose their contents and 
collapse, frequently after the nucleus has divided amitotically. In 
all of these respects they resemble sieve tubes. To this may be 
added that they are sometimes cut off from the end of a sieve tube. 
They are in fact sieve tubes except for possession or rather retention 
of a nucleus, for the matter of length is a minor one in view of the 
occurrence in the young root of much elongated erect cells, and the 
great variation in length of sieve tubes in mature plants of different 
species, short tubes occurring for instance in the classic case of 
Cucurbita. 

In accounting for the origin of erect cells, an examination of 
admittedly primitive regions of the plant seems to show that they 
owe their presence on the edge of an originally simple ray to the 
adhesion, so to speak, of a group of prismatic cells lying in the radial 
plane. It has been shown that such radial groups are frequent in 
young parts of the plant, especially the root, and that they occur 
among radial rows of sieve tubes. But these radial plates of cells 
represent a passing phase; soon cambial activity in a plate dwindles 
and becomes restricted to one or a few cells, in which event there are 
two possibilities: (1) one or more narrow rays may arise, consisting 
on the phloem side of albuminous cells and on the xylem side of 
horizontal tracheids, or (2) the cambial activity may become 
localized at the edge of a ray already existing, producing a series of 
marginal cells, the so-called erect cells. The earlier members of a 
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series of these cells are more elongated than the ones formed later, 
but all possess the same histological features and undergo the same 
fate. Similar in form and contents are the cells which span the 
space between two vertically contiguous rays, and which by fission 
and shortening give rise to a row of erect cells on each of the 
two rays. , 
Since the cells of the radial rows occur principally in the young 
plant, and have the same contents as sieve tubes, with the exception 
of the nucleus, it is a tempting theory to consider them the fore- 
runners of sieve tubes, the primary sieve cells which undergo evolu- 
tion in two directions: (1) lengthening out and losing the nucleus so 
as to produce sieve tubes, and (2) shortening as they become applied 
to medullary rays and become converted into erect cells or as they 
give rise to rays independently. But such a theory must stand on 
the evidence of a comparative study of phloem of vascular plants, 
and the evidence is not yet at hand. 


Summary 


1. The “erect cells” occurring on the margins of medullary rays 
in the phloem of most genera of Abietineae do not exist in the young 
ray, which consists only of ordinary parenchyma. 

2. In young roots of Pinus the phloem shows certain cells which 
are essentially short sieve tubes possessing nuclei, occurring in 
groups in the radial plane. On the xylem side these may merge 
into one or more narrow rays consisting of tracheids, owing to a 
diminution and localization of cambial activity. 

3. When such a radial group occurs in vertical contact with a 
medullary ray, cambial activity is sooner or later localized at the 
edge of the ray, resulting in the production of a border to the ray, 
such border consisting of sieve cells, which are the erect cells found 
in mature phloem. 

4. Variations of this mode of origin of erect cells occur, such as 
the cutting of a cell from the end of a sieve tube when it meets the 
edge of a ray. 

5. In young roots and stems marginal cells may make their 
appearance in the phloem earlier than in the xylem, while in Abies 
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marginal cells have disappeared from the xylem although not from 
the phloem. This and other observations indicate that phloem is a 
more conservative region than xylem. 
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UNDESCRIBED PLANTS FROM GUATEMALA AND 
OTHER CENTRAL AMERICAN REPUBLICS 
XXXVIT 


JoHN DONNELL SMITH 


Abutilon Pittieri Donn. Sm.—Folia orbiculari-obovata cuspi- 
data basi obtusa integra supra pilis simplicibus aspersa subtus 
stellato-pubescentia. Pedunculi in axillis supremis singuli graciles. 
Petala calyce bis et ultra genitalibus bis longiora. Ovarium glo- 
bosum 1o-loculare. 

Ramuli lignosi et petioli stipulae pedunculi calyces stellato-pubescentes. 
Folia nascentia ochraceo-tomentosa, adulta supra glabrescentia 5—7 cm. longa 
4-6 cm. lata 7-nervia, nervis ceteris lateralibus utrinque 4-5, venis transversis 
subparallelis, petiolis 1.5-3 cm. longis, stipulis filiformibus 8 mm. longis 
caducis. Pedunculi 3-4 cm. longi tenues paulo infra apicem articulati. 
Calyx hemisphaericus pentagonus 12 mm. longus, lobis deltoideo-ovatis 5 mm. 
longis apiculatis. Petala in sicco flavescentia basi purpureo-maculata cuneato- 
obovata 28-30 mm. longa 21-22 mm. lata biloba, margine basi piloso. ‘Tubus 
stamineus pubescens cylindricus 7 mm. longus filamenta aequans. Ovarium 
5 mm.-diametrale muticum pilosum, loculis 3-ovulatis, stylis stamina aequan- 
tibus ad 2 mm. coalitis. Capsula ignota. 

E] Puente prope vicum Las Canoas dictum, Depart. Guatemala, Guatemala, 
alt. 500 m., Apr. 1905, H. Pittier n. 138.—Typus in herbario Musei Nationalis 
numero proprio 472792 signatus servatur. 

Abutilon pleiopodum Donn. Sm.—Folia longe petiolata orbiculari- 
ovata acuta cordata vix ac ne vix lobata integra stellato-pubes- 
centia. Pedunculi fasciculati, axillares racemiflori, terminales 
uniflori. Calycis partiti segmenta cum petalis dimidio longioribus 
et genitalibus reflexa. Tubus stamineus conicus. Ovarium hemi- 
sphaericum 18—24-loculare. 

Ex scheda cll. repertorum arbuscula, tota petalis et genitalibus neglectis 
stellato-tomentulosa flavicans. Folia supra sparsim subtus dense stellato- 
pubescentia nervis excurrentibus minutissime mucronulata 7—9-nervia, superi- 
ora 8-9. 5 cm. longa 8-8. 5 cm. lata nequaquam lobata, inferiora 19 cm. longa 
16.5 cm. lata levissime triloba, petiolis 4-10. 5 cm. longis, stipulis linearibus 
12mm. longis. Racemi 4-5-ni pedunculo 4-5 cm. longo computato 7-9 cm. 
longi, bracteis ovatis 3 mm. longis, pedicellis 4-7 mm. longis, floribus confertis. 

Continued from Bor, Gaz. 55 : 438. 1913. 
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Pedunculi terminales plurifasciculati 1-2.5 cm. longi. Calyx 6 mm. longus 
usque ad basin fere partitus, segmentis 4 etiam anthesi peracta coalitis, quinto 
soluto oblongo-ovato. Petala ex scheda coeruleo-purpurea immaculata fusco- 
nervata obovata 9 mm. longa biloba, margine basi barbato. Tubus stamineus 
pilosus 2 mm. longus, filamentis 4mm. longis. Ovarium muticum pilosum 
3 mm. altum, stylis 4 mm. longis breviter connatis. Capsula deficiens. 

Ad fundum Sepacuite dictum, Depart. Alta Verapaz, Guatemala, Mart. 
1902, O. F. Cook et R. F. Griggs n. 206.—Exemplum typicum in herbario Musei 
Nationalis sub numero proprio 407992 vidi. 


Comocladia guatemalensis Donn. Sm.—Foliola 7-juga ovalia 
vel oblongo-ovalia apice rotundata vel latissime acuta basi retusa 
integerrima membranacea supra strigillosa subtus uti petiolus et 
rhachis ochraceo-tomentosa. Fructus maximus dimidio longior 
quam latior. 


Ex scheda cl. repertoris arbusculus ad apicem ramorum versus confertim 
foliosus. Folia petiolo 4-4. 5 cm. longo computato 4.8—5 dm. longa, interstitiis 
interjugis 3.5-6.5 cm. longis, petiolulis lateralibus vix ullis, terminali 2. 5-3. 5 
cm. longo, foliolis infimis 3.5—4 cm. longis 2. 5-3 cm. latis, mediis 7-9. 5 cm. 
longis 5-6 cm. latis, terminali 6 cm. longo 5.5 cm. lato, nervis lateralibus e 
costa subangulo 60-80° prodeuntibus utrinque 11-14 circiter 5-9 mm. inter se 
distantibus subtus cum costa patenter et pallide strigillosis, venis transversis 
haud parallelis. Panicula ochraceo-tomentosa tantum ex fragmentis nota, 
pedicellis fructiferis solitariis 2mm. longis. Fructus ellipsoideus 1.5 cm. 
longus 1 cm. latus, endocarpio cartilagineo, semine 10 mm. longo 7 mm. lato 
striis nigris ruguloso. Flores non suppetunt.—Foliola ambitu eis C. Engleri- 
anae Loes. similia differunt tamen integritate indumento etc. 

In aridis incultis inter Nent6én et Candelaria, Depart. Huehuetenango, 
Guatemala, Jan. 1906, O. F. Cook n. 59.—Specimina typica duo sub numeris 
propriis 860255 et 860256 in herbario Musei Nationalis exstant. 


Dalea vulcanicola Donn. Sm.—Folia cano-sericea, foliolis 
bijugis oblongo-ellipticis utrinque obtusiusculis carnosis condupli- 
catis punctatis. Spicae racemosae pedunculatae graciles nutantes 
cano-villosae, bracteis setaceis. Calyx obliquus, dentibus setaceis. 
Legumen semiorbiculare indehiscens. 


Suffrutex, caulibus strictis virgatis parce breviterque ramosis pubescenti- 
bus. Folia ro-11 mm. longa, foliolis 3-5 mm. longis, terminali oblongo- 
obovato, petiolo 3 mm. longo, rhachi 2 mm. longa, petiolulo terminali o. 5 mm. 
longo ceteris vix longiore, stipulis setaceis 2-3 mm. longis coloratis pilosis. 
Spicae ro-20 in racemum terminalem 12-16 cm. longum pubescentem dispositae, 
vel oppositifoliae et solitariae, 1-2. 5 cm. longae pedunculis passim minuteque 
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bracteatis paulo breviores densiflorae bracteis 2-3 mm. longis basi ipsa semior- 
bicularibus munitae. Calycis solum fructiferi noti tubus campanulatus 2 mm. 
longus glaber purpureus parce glandulosus basi callosus, dentes inaequales 
circiter 1 mm. longi pilosi. Legumen e calyce lateraliter fisso semiprotrusum 
1.5mm. longum 2.5 mm. latum scariosum pallide aureum superne pilosum 
vix glandulosum, stylo persistente 2.5mm. longo glabro. Semen loculo 
conforme unicum altero abortivo comitatum. Petala staminaque deficientia.— 
Species ob inflorescentiam insignis. 

Volcan Atitlan, Depart. Solola, Guatemala, Febr. 1906, W. A. Kellerman 
n. 5780.—Typum in herbario Musei Nationalis numero proprio 860997 sig- 
natum vidi. 


Dioclea (§ Eup1ocLeA Benth.) trinervia Donn. Sm.—Glabra. 
Foliola ovalia vel oblique ovata cuspidato-acuminata basi rotundata 
3-nervia. Calycis lobi subaequales rotundati, vexillum reniformi- 
cordatum. Carina erostrata. Legumen oblongum sutura superi- 
ore rectum inferiore arcuatum, seminibus 1-4 subglobosis. 


Frutex volubilis. Foliola 8-10 cm. longa 5-6 cm. lata, nervis lateralibus 
praeter basales utrinsecus 3, petiolis 6-9 cm. longis, petiolulo terminali 1. 5- 
2.5 cm. longo, stipulis 3 mm. longis et stipellis elongato-triangularibus striatis 
basi non productis. Racemi duabus partibus floriferi 3-5 dm. longi sulcati 
puberuli, rhacheos interstitiis internodialibus 1-2 cm. longis, nodis racemoso- 
floriferis 4-5 mm. longis, pedicellis circiter 6—8-subfasciculatis 5-8 mm. longis 
apice bibracteolatis, floribus ex scheda Tuerckheimiana sordide violaceis. Caly- 
cis tubus 4 mm. longus, lobus superior emarginatus, 3 inferiores semiorbiculares 
4mm. longi atque lati. Vexillum transversim ovale 1 cm. longum 1.5 cm. 
latum emarginatum supra unguem lineari callosum, sinu basali marginibus 
inflexo. Alae oblongo-obovatae 14 mm. longae exauriculatae. Carinae petala 
alis aequilonga angulo recto inflexa obtusa. Antherae uniformes. Stamen 
vexillare prope basin denticulo semiorbiculari munitum. Ovarium 5-6- 
ovulatum, stylo superne unifariam barbato. Legumen glabrum turgidum 
plerumque tetraspermum 8-10 cm. longum 3-3.5 cm. latum sutura superiore 
vix dilatatum, seminibus atricoloribus 17-19 mm. longis 15-16 mm. latis 
leviter compressis hilo cano usque ad 3 fere cinctis, funiculo in appendicem 
capillaceam hilo aequilongam producto. 

GUATEMALA: ad fundum Sepacuite, Depart. Alta Verapaz, Mart. 1902, 
O. F. Cook et R. F. Griggs n. 140, specimen in herbario Musei Nationalis sub 
numero proprio 407928 servatum; in fruticetis ad Panzal, Depart. Alta 
Verapaz, alt. 1000 m., Oct. 1912, H. von Tuerckheim n. 3909.—Costa Rica: in 
fruticetis ad praedium Tuis, Prov. Cartago, alt. 650 m., Nov. 1897, A. Tonduz 
n. 11450; Bara ad litora Maris Pacifici, Comarca de Puntarenas, Jan. 1898, 
H. Pittier n. 11958, nomen vulgare Frijol de Playa; prope Las Vueltas, Tucur- 
rique, Prov. Cartago, alt. 635 m., Apr. 1899, A. Tonduz n. 12743. 
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Phaseolus (§ LEptospron Benth.) Tuerckheimii Donn. Sm.— 
Foliola rhombeo-ovata acuminata basi rotundata integra pubes- 
centia. Racemi folia subaequantes e basi fere floriferi, pedicellis 
geminis bractea atque calyce bis fere longioribus flora subdimidio 
brevioribus. Calycis lobus infimus ceteris longior angustior tubo 
brevior. Vexillum processu intramarginali utrinque appendicu- 
latum. 


Caulis volubilis et petioli racemi calyces pubescentes. Folia juniora supra 
pilosa subtus sericea, adulta 6. 5-9 cm. longa 4.5-7.5 cm. lata, petiolis 4. 5- 
gcm. longis, petiolulo terminali 18-23 mm. longo, stipulis 4-5 mm. longis 
et stipellis lanceolatis interdum rubro-maculatis. Racemi sulcati pedunculo 
4-8 cm. longo computato 1.5-2.5dm. longi, nodis floriferis superioribus 
approximatis, inferioribus remotis, bracteis lineari-lanceolatis 4-5 mm. longis, 
pedicellis 7-9 mm. longis, floribus in sicco ex lilacino albidis. Calycis tubus 
3 mm. longus, labium superius emarginatum, inferioris lobi laterales triangu- 
lares, medianus elongato-triangularis 2mm. longus. Vexillum obovatum 
15mm. longum 11mm. latum ecallosum exauriculatum intra marginem ad 
3mm. supra unguem appendicula semiovali 2 mm. longa atque lata utrinque 
munitum. Alae spatulato-obovatae 18 mm. longae 8 mm. latae supra unguem 
5 mm. longam intus auriculatae. Carina 15 mm. longa lineari-oblonga 2 mm. 
lata, rostro bispirali. Stamen vexillare prope basin gibbosum. Ovarium 
cano-sericeum 2-3-ovulatum, stylo superne unifariam puberulo, stigmate 
obliquo. Legumen ignotum. 

Ad montem inter Tactic et Coban, Depart. Alta Verapaz, Guatemala, 
alt. 1800m., Dec. 1907, H. von Tuerckheim (n. II. 1536).—Cuesta de Los 
Borucas, Comarca de Puntarenas, Costa Rica, Jan. 1897, H. Pittier n. 10530. 


Platymiscium pleiostachyum Donn. Sm.—Foliola 3, lateralibus 
orbicularibus vel late ovalibus terminali cuspidato-ovato triente 
brevioribus petiolo terminali bis longioribus. Racemi 2~-4- 
fasciculati, floribus arcte approximatis subsessilibus. Calycis 
dentes inferiores triangulares. Stamen vexillare liberum. Ova- 
rium stipite longius. 


Ex omni parte praeter racemi rhachidem pubescentem glaberrimum. 
Stipulae crassae ovatae 5mm. longae. Folia serotina tantum visa, foliolis 
nitidis, lateralibus 5 cm. longis 4-5 cm. latis utrinque rotundatis, terminali 
7.5 cm. longo 6cm. lato basi rotundato, pétiolulis lateralibus 4 mm. longis. 
Racemi ad nodos annotinos defoliatos plerumque 4-ni vel pseudoterminales 
itaque 8-ni 4. 5-8 cm. longi supra medium dense floriferi, pedicellis vix 1 mm. 
longis, bracteolis ovalibus 1.5 mm. longis. Flores in ramulis suppetentibus 
plerumque praecoces. Calycis campanulati tubus 2mm. longus, dentes 
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1mm. longi. Vexillum suborbiculare 9mm. longum 8mm. latum. Alae 
oblique oblongo-ellipticae 8 mm. longae 3.5 mm. latae. Carinae petala alis 
conformia eis paulo minora. Antherae omnes perfectae, loculis confluentibus. 
Ovarium stipite dimidio stylo bis longius. Legumen ignotum.—Nomen 
vulgare Nambar.—P. parvifloro Benth. proximum. 

In silvis collinis ad peninsulam Nicoya, Costa Rica, Jan. 1900, A. Tonduz 
N. 13539. 


Lonchocarpus (§ DENsIFLoRI Benth.) meistophyllus Donn. 
Sm.—Foliola 7—9-juga minuta oblonga apice rotundata vel retusa 
basi obtuse acuta praeter marginem et subtus costam glabra. 
Pedicelli plerumque sparsi calicem fere aequantes. Calyx leviter 
bilabiatus vix denticulatus. Vexillum supra unguem callosum. 


Frutex orgyalis e basi ramosus, ramulis glabris, petiolis racemisque pubes- 
centibus. Folia petiolo 4-6mm. longo computato 3-4 cm. longa, foliolis 
9-13 mm. longis 5-7 mm. latis glaucis epunctatis, venulis minute reticulatis 
pellucidis, margine revoluto et subtus costa pilosis, petiolulis 1. 5-2 mm. longis 
pubescentibus. Racemi axillares simplices pedunculo 1-1. 5 cm. longo addito 
4-5.5 cm. longi densiflori, pedicellis saepe oppositis raro ternis 4 mm. longis, 
floribus glabris purpureis ut videtur. Calyx e basi acuta campanulatus 5 mm. 
longus margine puberulus, labio superiore rotundato retuso, inferiore 2-3- 
denticulato. Petala glabra subaequilonga, alis oblique oblongis, carinis 
arcuatis, vexillo orbiculari 13 mm.-diametrali ceteris paulo longiore bilobo- 
calloso. Vagina staminalis 1 cm. longa. Ovarium stipite 3 mm. longo instruc- 
tum lineare 8 mm. longum 6-ovulatum. Legumen desideratur. 

In apricis ad Cuesta de Quililha prope Purulhé, Depart. Baja Verapaz, 
Guatemala, alt. 1400 m., Apr. 1905, H. Pittier n. 141.—Typus numero proprio 
472795 signatus in herbario Musei Nationalis adest. 


Derris grandifolia Donn. Sm.—Foliola 9-11 elliptica vel oblongo- 
obovata utrinque rotundata vel basi acuta discoloria subtus cano- 
tomentosa. Pedicelli pedunculo nodiformi insidentes plurifas- 
ciculati vel secus fasciculi rhachin sparsi secundi. Calycis dentes 
4 tubi trientem aequantes. Stamen vexillare liberum. Ovarium 
7-8-ovulatum. 


Arbor 8 m. alta (Heyde et Lux in scheda), ramulis petiolis racemis calycibus 
fusco-velutinis. Folia petiolo 6-9 cm. longo computato 3-3.5 dm. longa, 
rhachi 13-17 cm. longa, foliolis to—-20 cm. longis 5-13 cm. latis costa excurrente 
mucronulata supra nervis pubescentia et ceterum glabrescentia nervis laterali- 
bus utrinque 12-14 subrectis plerumque simplicibus percussa transversim 
crebreque venosa, inferioribus raro suboppositis, petiolulis uti rhachis fusco- 
velutinis, lateralibus 7-8 mm. longis, terminali 17-20 mm. longo, stipellis 


| 
ox 
| 


56 BOTANICAL GAZETTE [JULY 


nullis. Racemi tetragoni sulcati 17-25 cm. longi supra medium floriferi, 
pedunculis crassis 1.5mm. longis demum 3 mm. longis in rhachin 4mm. 
longam incurvam excurrentibus, pedicellis 6—10-fasciculatis vel subfasciculatis 
3-5 mm. longis, bracteis caducissimis, bracteolis sub flore binis lineari-oblongis 
3mm. longis. Calycis obliqui tubus 8 mm. longus, lobi 2.5 mm. longi, 3 
inferiores subulato-triangulares, superiores in unum integrum connati. Calyx 
anthesi peracta accrescens usque ad 2cm. longus 5-dentatus, dente infimo 
maximo, ceteris subaequalibus. Petala absque eis carinae rubris alba ex scheda 
Tuerckheimiana, vexillo obovato 15 mm. longo glabro, alis uti carinae petala 
eis conformia falcata ungue 9 mm. longa addita 18-19 mm. longis. Vagina 
staminalis latere superiore fissa, stamine vexillari ab initio soluto prope basin 
geniculato. Ovarium breviter stipitatum lineare fusco-velutinum. Legumen 
deficit.—Palo Zope incolarum.—Species calyce manifestius dentato anormalis. 

In declivibus ad Cerro Gordo, Depart. Santa Rosa, Guatemala, alt. 
1100 m., Aug. 1892, Heyde et Lux, n. 3709 ex Pl. Guat. etc. quas ed. Donn. 
Sm.—Santa Rosa, Depart. Baja Verapaz, Guatemala, alt. 1600 m., Jul. 1908, 
H. von Tuerckheim (n. II. 2323). 


Diplotropis macroprophyllata Donn. Sm.—Foliola lateralia 
8 subopposita ovalia utrinque rotundata basi retusa cum terminali 
obovato supra bullata glabra subtus venis elevatis pilosiuscula. 
Bracteae lanceolato-ovatae pedicello longiores. Bracteolae binae 
cordato-ovatae calycem totum involucrantes. Calycis lobus 
infimus elongatus. 


Arbor excelsa, coma sphaerica, ramulis serotinis sulcatis sicut folia nascentia 
paniculae calyces fusco-tomentosis. Folia annotina petiolo 10-11 cm. longo 
computato 37-45 cm. longa, foliolis cujusque paris 5-10 mm. remotis, infimis 
6-7 cm. longis 4-5 cm. latis, superioribus 12. 5-16 cm. longis 6-7. 5 cm. Jatis, 
nervis lateralibus usque ad marginem distinctis utrinque 15-17, venis trans- 
versis subparallelis, venulis reticulatis, petiolo et rhachi sulcatis fusco-velutinis, 
petiolulis lateralibus incrassatis 5mm. longis fusco-velutinis, terminali 
23-27 mm. longo apice incrassato. Paniculae pseudoterminales prope basin 
ramuli serotini 2-3 approximatae 17-28 cm. longae, ramis paucis suberectis 
racemiformibus, pedicellis singulis approximatis 2-6 mm. longis, bractea basin 
pedicelli amplectante 7-10 mm. longa 4-7 mm. lata obliqua decidua, bracteolis 
g-12 mm. longis 8-g mm. latis breviter stipitatis crispato-undulatis eroso- 
dentatis persistentibus uti bractea utrinque fusco-velutinis, floribus nutantibus. 
Calyx in alabastro turbinatus lobis imbricatus, tubo demum late campanulato 
6-7 mm. longo crasso, lobis intus velutinis, infimo lanceolato 7-9 mm. longo 
demisso, superioribus leviter connatis et lateralibus ovatis 4-5 mm. longis. 
Petala crassiuscula subaequilonga 15-16 mm. longa maculato-venosa saltem 
in sicco purpurea dorso cano-sericea, carinalia leviter cohaerentia alis conformia 
oblonga obliqua obtusa latere superiore auriculata, vexillum suborbiculare 
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inappendiculatum ecallosum. Filamenta glabra 1o-12 mm. longa, alterna 
| ceteris parum longiora, antheris ovalibus 0.5 mm. longis. Ovarium sessile 
cum stylo subaequilongo dense luteo-villosum 5-ovulatum, stylo ad apicem 
versus glabro et leviter incurvo, stigmate terminali, ovulis lineari-oblongis. 
Legumen desideratur.—Ab omnibus congeneribus ob bracteas bracteolasque 
insigniter discrepat. 

In silvis ad Las Vueltas, Tucurrique, Prov. Cartago, Costa Rica, alt. 
635 m., Jan. 1899, Adolfo Tonduz n. 12949. 


Mimosa (§ Eummosa DC.; Pudicae Benth.) teledactyla Donn. 
Sm.—Ramuli setosi, aculeis internodialibus. Folia petiolo et rha- 
chidibus aculeata, pinnis trijugis remotis rhachidem subaequantibus 
petiolo paulo brevioribus, foliolis 8-10-jugis oblongis utrinque 
rotundatis 3-nerviis, nervo marginali appresse spinuloso. Pedun- 
culi gemini petiolo breviores. 


Ramuli videntur reclinati in exemplo suppetente usque ad 1 m. longi teretes 
4mm. crassi, setis densis patulis 4 mm. longis fuscis, aculeis sparsis paucis, 
infrastipularibus nullis. Stipulae setaceae 7mm. longae. Petioli 7-9 cm. 
longi cum rhachi communi et partialibus 6-6.5 cm. longis tetragoni sulcati 
glabrescentes copiose recurvato-aculeati, aculeis saepe bifidis, rhacheos inter- 
stitiis interjugalibus 2.5-4 cm. longis, petiolis partialibus 6-7 mm. longis 
bistipellatis pilosis, petiolulis 1 mm. longis, foliolis nascentibus totis appresse 
setosis, adultis glabris glaucis 13-15 mm. longis 5-6 mm. latis basi inaequali 
obliquis, setis rigidis spiniformimibus. Pedunculi axillares, inferiores filiformes 
5 cm. longi aculeati setulosi, superiores in ramulo elongato aphyllo racemiformi 
parum evoluti. Capitula globosa, floribus tetrameris. Calyx o. 5 mm. longus 
ciliato-paleaceus. Corolla 3 mm. longa bracteolis bis longior semilobata, lobis 
ovatis roseis. Stamina 6mm. longa, filamentis complanatis. Legumen 
non visum.—In grege Pudicarum pinnis remotis insignis. 

Santa Rosa, Depart. Baja Verapaz, Guatemala, Maj. 1904, O. F. Cook 
n. 234.—Exemplum typicum in herbario Musei Nationalis sub numero proprio 
860086 exstat. 


Pithecolobium racemiflorum Donn. Sm.—Inerme glabrum. 
Pinnae bijugae, paris superioris foliolis trijugis, inferioris bijugis, 
amplis oblongo-ellipticis tenuiter acuminatis basi acutis. Racemi 
folia subaequantes laxiflori, pedicellis corollam fere aequantibus. 
| Legumen cochleatum. 

Arbor 6-7-metralis, ramulis foliisque glaberrimis. Petioli 3.5-4.5 cm. 
longi, interstitio inter pinnas 2-3.5 cm. longo, pinnarum superiorum rhachi 
7.5-10 cm. longa, inferiorum 2.5-4 cm. longa, foliolis nitidis pellucidis 6-15 
cm. longis 2.5-5.5 cm. latis basi subaequalibus, nervis lateralibus utrinque 
7-8 simplicibus, glandulis obsoletis, stipulis stipellisque subulatis 2-3 mm. 
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longis. Racemi axillares 3-3.5 dm. longi superne puberuli supra medium 
floriferi, pedicellis singulis plus minus remotis 6 mm. longis, floribus gracili- 
bus 5-meris. Calyx obconico-tubulosus 4mm. longus denticulatus. Corolla 
tenuiter tubulosa 6-7 mm. longa triente laciniata, laciniis oblongis obtusis uti 
pedicellus et calyx strigilloso-puberulis. Stamina in tubum corolla paulo 
breviorem connata. Ovarium sessile. Legumen coriaceum bivalve 15-19 cm. 
longum 7-13 mm. latum margine sinuosum gyris binis tortuum remote 3-5- 
spermum, seminibus ovalibus 8 mm. longis, funiculo filiformi spirali 3 mm. 
longo.—Inflorescentia in genere anormalis. 

In silvis collinis ad Las Vueltas, Tucurrique, Comarea de Puntarenas, 
Costa Rica, alt. 600-750 m., Febr. 1899, A. Tonduz n. 13060. 


Aralia sololensis Donn. Sm.—Folia bipinnata, pinnis quadri- 
jugis et impari ternifoliolatis. Panicula pluries  verticillato- 
ramosa, ramulis ulterioribus dichotomis, floribus 4—5-meris. Dis- 
cus conicus. Styli in umbone connati, stigmatibus capitellatis. 


Specimen unicum suppetens mancum, caule fructibusque deficientibus. 
Planta humilis ut videtur. Folia glaberrima, rhachi petiolo 3 cm. longo com- 
putato 10.5 cm. longa, petiolulis communibus lateralibus 1.5 cm. longis, 
terminali 3 cm. longo, foliolis tenuiter herbaceis pellucido-venosis acuminatis 
argute serratis, lateralibus subsessilibus lanceolato-ovatis 5-7.5 cm. longis 
basi rotundatis, terminali lanceolato-elliptico 6.5-g9 cm. longo in petiolulum 
8-g mm. longum angustato. Panicula tantum juvenilis visa glaberrima 
corymbiformis pedunculo 4 cm. longo addito 11cm. longa, axibus 3-5-nis, 
inferioribus 2.5 cm. longis, pedicellis gracilibus 3-7 mm. longis, bracteis 
oblongis 3-5 mm. longis, bracteolis minutis, floribus glabris plerumque tetra- 
meris. Calycis tubus campanulatus 1 mm. longus, dentes ovati tubo paulo 
breviores. Petala elliptica 2mm. longa obtusa. Stamina petalis paulo 
superata, antheris ovalibus 0.7 mm. longis. Discus 0.8mm. altus. Styli 
in columna o.2 mm. longa connati. Cetera desunt. 

Prope Patulul, Depart. Solola, Guatemala, Febr. 1906, W. A. Kellerman 
n. 5828.—Typus in herb. Musei Nationalis sub numero proprio 861013 servatur. 


Manettia (§ Lycistum K. Schum.) stenophylla Donn. Sm.— 
Tota praeter corollam glaberrima. Folia subsessilia lanceolato- 
linearia acuminata basi acuta. Flores 1-2-ni vel in cymam semel 
bisve trichotomam dispositi inter minimos pedunculo pedicellisque 
longiores. Corolla calyce triente longior alte divisa, segmentis 
intus barbatis. 

Suffrutex, ramis teretiusculis striatis tenuibus, internodiis perelongatis. 
Folia 3-4. 5 cm. longa 5-6 mm. lata papyracea subevenia margine revoluta, 


petiolis o. 5-1 mm. longis, stipulis breviter vaginantibus glandulari-pectinatis 
medio deltoideis et saepe bidentatis. Pedunculi 2-3 mm. longi, cymis 1-1. 5 
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cm. longis, pedicellis 1-2 mm. longis, bracteolis binis linearibus o. 5-2 mm. 
longis, floribus 7-8 mm. longis ex scheda cl. repertoris albis. Calycis tubus 
obovatus 2mm. longus, lobi 4 supra ovarium leviter connati oblongo-ovati 
2mm. longi apice revoluti, sinubus minutissime uniglanduliferis. Corolla 
hypocraterimorpha 5-6 mm. longa extus glabra, floris longistyli ad 4, floris 
brevistyli ad 3, divisa, tubo apice leviter contracto intus subglabro et exannu- 
lato, segmentis oblongo- vel lanceolato-ovatis. Stamina prope incisuras corollae 
inserta, floris longistyli subsessilia, floris brevistyli 3 mm. longa, antheris 
linearibus 1mm. longis. Discus pulvinaris. Stylus corollam aequans vel 
ea 1mm. brevior, stigmatis lamellis lanceolatis 0.5 mm. longis. Capsula 
papyracea obovata 4.5 mm. longa. 

In fruticetis apud Las Vueltas, Tucurrique, Prov. Cartago, Costa Rica, 
alt. 635 m., Jan. 1899, Ad. Tonduz n. 12969. 


Rondeletia (§ ARACHNOTHRYX Hook. f.) calycosa Donn. Sm.— 
Folia opposita lanceolato-elliptica tenuiter incurvo-cuspidata infra 
medium attenuata discoloria nervis subtus neglectis glabrescentia. 
Cymae laxe corymbosae, bracteolis coccineis. Calycis segmenta 
lineari-lanceolata tubo nimis longiora coccinea 3—5-nervia. Corol- 
lae tubus gracillimus segmentis calycinis pluries longior. 


Arbusculus dichotomo-ramosus, ramulis petiolis cymis sordide strigilloso- 
pilosis. Folia nascentia strigilloso-pilosa, adulta supra leviter arachnoidea 
vel glabrescentia subtus fiervis tantum pilosa 6-9 cm. longa 2-3 cm. lata in 
cuspidem 14-18mm. longam attenuata, nervis lateralibus utrinque 6-7, 
petiolis 4-6mm. longis, stipulis cuspidato-triangularibus 3-4 mm. longis 
glabris. Cyma terminalis pedunculo 1.5—2.5 cm. longo computato 5-6 cm. 
longa foliis reductis bracteata, bracteolis lanceolatis 3-5 mm. longis glabris, 
pedicellis 2-5 mm. longis, floribus 4-meris. Calycis tubus ellipsoideus paulo 
supra Ovarium productus 3 mm. longus pilosus, segmenta inaequalia 4-7 mm. 
longa nervis 3-5 percussata. Corollae coccineae tubus 15-17 mm. longus 
vix 2mm. latus extus strigilloso-pilosus intus totus glaber, lobi subquadrati 
3mm. longi atque lati crispato-undulati utrinque glabri, os nudum. An- 
therae faucibus insertae inclusae sessiles lineares 3 mm. longae. Stylus ramis 
linearibus 2.5 mm. longis additis 9 mm. longis. Capsula ignota. 

In silvis ad La Palma, Prov. San José, Costa Rica, alt. 1459 m., Oct. 1898, 
Ad. Tonduz n. 11633. 


Ipomoea ($ StROPHIPOMOEA; Macrosepalae Chois.) sepacui- 
tensis Donn. Sm.—Ramis petiolisque glandulari-setosa ceterum 
glabra. Folia orbiculari-ovata cordata triloba margine integra, 
loborum lateralium nervo medio supra basin folii orto. Pedunculi 
3-flori, pedicellis ternis subclavatis. Sepalum extimum ceteris 
triente brevius. Capsula ovoidea, seminibus margine villosis. 
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Rami lignosi teretes, setis glandula insidentibus patentibus purpureis. 
Folia glabra 12-17 cm. longa atque lata usque ad medium acute lobata sinu 
rotundata 7-nervia paulo supra basin triplinervia, petiolo 5-7.5 cm. longo 
parcius setuloso. Pedunculi foliis minoribus fulti erecti robusti teretes pur- 
purpascentes glabrescentes 8. 5-13 cm. longi, pedicellis cum calyce continuis 
prope basin bracteis binis lanceolato-ovatis 5 mm. longis munitis, fructiferis 
solum notis 3.5-4.5cm. longis apice 7mm. crassis. Sepala subcoriacea 
glabra ovalia obtusa vix mucrunculata, fructifera interiora 30-32 mm. longa, 
extimo 2cm. longo 1.5 cm. lato. Capsula coriaceo-crustacea glabra 26 mm. 
longa 4-valvata, seminibus orbicularibus 12 mm.-diametralibus praeter 
marginem flavido-villosum glabris. Cetera desunt.—Ad. J. setosam Lindl. 
proxime accedens. 

Ad fundum Sepacuite vocatum, Depart. Alta Verapaz, Guatemala, Apr. 
1902, O. F. Cook et R. F. Griggs n. 590.—Typus in herbario Musei Nationalis 
sub numero proprio 408299 exstat. 


Cacabus hondurensis Donn. Sm.—Hispidus. Folia opposita 
subsessilia lanceolato-oblonga utrinque acuminata leviter crenata 
supra lepidota. Pedunculi utrinque axillares supra medium 
foliaceo-bibracteolati. Calyx triente dentatus. Corolla infundibu- 
laris ultra trientem lobata. Stamina 4, staminodio deficiente. 


Exemplum unicum visum lignosum virgatum simplex 6.5 dm. longum 
pilis albidis patentibus hispidum supra medium foliis reductis racemiforme. 
Folia 9-13.5 cm. longa 2.5-3.5cm. lata in eodem jugo inaequalia subtus 
nervis venisque hispidula in petiolum 6-7 mm. longum attenuata. Pedunculi 
foliis 3-6 cm. longis suffulti 1.5-2cm. longi hispidi, bracteolis 1-1. 5 cm. 
longis. Calyx campanulatus 2cm. longus basi leviter retusus pentagonus 
ro-costatus viridis, dentibus triangularibus 7 mm. longis trinerviis margine 
uti costae hispidulis. Corolla ex cl. repertore alba, glabra 15-nervia 
picto-reticulata 3.25 cm. longa supra tubum 3 mm. longum sensim lateque 
ampliata, lobis rotundatis 13-14 mm. longis atque latis imbricatis. Fila- 
menta supra corollae tubum inserta 6 mm. longa crassa basi vix dilatata, 
antheris medio affixis ovatis 4mm. longis apiculatis. Ovarium globosum 
apiculatum, stylo stigmatibus oblongis 2.5 mm. longis additis 12.5 mm. 
longo. Bacca nimis immatura calyce fere 3 cm. longo inclusa sessilis 11 mm.- 
diametralis processu conico 2 mm. longo apiculata bilocularis, placentis bifidis. 
Semina ignota.—Species inter alia praesertim habitu distinctissima. 

Llano de La Puerta prope Copan, Depart. Santa Barbara, Honduras, alt. 
goo m., Jan. 1907, H. Pittier n. 1828.—Typus in herb. Musei Nationalis sub 
numero proprio 578225 adest. 


Salvia (§ BRACHYANTHAE Benth.; Angustifoliae Benth.) Kel- 
lermanii Donn. Sm.—Frutex totus absque corolla glaber. Folia 
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ovato-lanceolata basi cuneata calloso-serulata. Racemi foliis 
breviores, verticillastris approximatis 4—-8-floris, bracteis oblongo- 
ovatis setaceo-acuminatis. Calyx 3-dentatus, dentibus anticis 
setaceo-acuminatis. Corolla calyce bis longior, tubo dimidio 
exserto. 


Dichotomo-ramosa. Folia tantum superiora visa 6. 5-8 cm. longa 2-2. 5 
cm. lata acuminata ad costam interdum barbata ceterum glaberrima subtus 
glandulis minutis aureis dense punctulata, nervis lateralibus utrinque 6-7, 
petiolis 4-5 mm. longis glandulosis. Racemi pedunculo 6-10 mm. longo addito 
2.5-4 cm. longi, verticillastris 3-5 mm. remotis, bracteis 6 mm. longis 3 mm. 
latis seta 2mm. longa cuspidatis ante anthesin deciduis, pedicellis 2-3 mm. 
longis. Calyx tubuloso-campanulatus 1omm. longus o-striatus glandulis 
aureis punctulatus, dentibus triangularibus acuminatis 3 mm. longis. Corolla 
21 mm. longa supra calycem ventricosa triente bilabiata praeter galeam coeru- 
leam pube articulata barbatam albida glabra. Discus glandulam ovario bis 
longiorem exserens. Stylus 22mm. longus superne lateraliter pubescens, 
lobo antico 2 mm. longo, postico 1 mm. longo. 

Santa Maria, Depart. Quezaltenango, Guatemala, Febr. 1906, W. A. 
Kellerman n. 5628.—Typus in herbario Musei Nationalis sub numero proprio 
578705 asservatur. 


Gaiadendron ($§ ENGAIADENDRON Engl.) poasense Donn. Sm.— 
Folia ovata vel elliptica apice acuta basi rotundata vel acuta. 
Racemi terminales 2—3-ni vel in axillis superioribus singuli, ramis 
oppositis bialatis, bractea bracteolisque foliaceis calycem exce- 
dentibus, floribus 6—7-meris, lateralibus pedicellatis. Calyx integer. 


Frutex terrestris erectus dichotomo-ramosus, ramis teretibus, ramulis 
angulatis. Folia omnia opposita plerumque ovata 4-5.5 cm. longa 2. 5-3.3 
cm. lata subtus nigro-punctulata et in sicco lutescentia margine revoluta, nervis 
praeter costam subobsoletis, petiolo 6-7 mm. longo. Racemi 7-9 cm. longi 
angulati, ramis omnibus oppositis 5-6 mm. longis, internodiis 7-9 mm. longis, 
bractea florem intermedium sessilem fulciente in ramum decurrente 6-13 mm. 
longa sicut bracteolae duae 5-6 mm. longae foliis consimili reflexa, floribus 
in sicco flavescentibus, lateralium pedicellis 2 mm. longis, alabastris obtusis. 
Calyx 4mm. longus. Petala linearia 13 mm. longa genitalibus paulo longiora. 
Stamina usque ad medium petalorum adnata, alterna breviora, antheris 
oblongo-ellipticis 1.5mm. longis. Ovarium oblongo-cylindraceum, stylo 
subulato. Fructus ignotus.—G. Taguae G. Don proximum. 

Secus marginem lacus superioris in summo monte Volcén Pods dicto siti, 
Prov. Alajuela, Costa Rica, alt. 2600 m.; Jan. 1889, H. Pittier n. 814; Nov. 
1896, Ad. Tonduz n. 10786. 
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Euphorbia (§ ANIsOPHYLLUM Roeper) bryophylla Donn. Sm.— 
Caules prostrati, ramis ascendentibus nanis ramosis totis densissime 
imbricato-foliosis. Folia subsessilia lineari-lanceolata leviter in- 
aequilatera. Involucra terminalia fasciculata, appendiculis binis 
suborbicularibus ceteras multoties superantibus. 


Fruticulus, caulibus tenuibus tetragonis 1 dm. longis, internodiis 4-5 mm. 
longis, ramis approximatis e basi compacto-foliosis 2-3 cm. longis cano-pilosis 
prope basin ramosis, ramulis longe ascendentibus. Folia inferiora opposita, 
superiora alterna, nodis vix ullis invicem fere obtegentia membranacea 
superne denticulata obscure binervia herbaceo-venosa ciliata supra glabra 
sultus pilosa saepius erubescentia 4-5 mm. longa 1 mm. lata acuminata basi 
obtusiuscula. Involucra — subsessilia 3-7-subcapitulata turbinata 1mm. 
longa pilosa, glandulis 4 transverse oblongis, appendiculis majoribus 1 mm.- 
diametralibus basi latere altero auriculatis crenulatis sanguineis, ceteris minutis 
arcuatis. Perianthium feminimum ovale pilosum, stylis distinctis sanguineis 
breviter bifidis. Capsula seminaque ignota. 

Santa Rosa inter Salama et Purula, Depart. Baja Verapaz, Guatemala, 
alt. 1700 m., Jun. 1904, O. F. Cook n. 225.—Typus in herb. Musei Nationalis 
numero proprio 860325 signatus servatur. 
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CONTRIBUTIONS FROM THE ROCKY MOUNTAIN 
HERBARIUM. XIII 


AVEN NELSON 


[In this paper are brought together a number of interesting species repre- 
senting various localities. Among the hundreds of specimens submitted to the 
Rocky Mountain Herbarium each year for verification or identification, a 
few real novelties invariably appear. The writer wishes to express his appre- 
ciation of the fact that many well known botanists, as well as amateurs, 
cordially permit him to share with them the pleasure of studying their col- 
lections, in whole or in part. The names of those who are represented in this 
paper occur in the notes on the species described. I want to call attention 
to the fact that two genera, new to Colorado, are included in the list below.] 


Brodiaea Paysonii, n. sp.—The membranes sheathing the corms 
brown and very fibrous, the inner ones prolonged into scarious 
sheaths 4-8 cm. long and enclosing the base of the glabrous green 
scapes and leaves: scapes 15-25 cm. high: leaves narrowly linear, 
at least a half longer than the scapes, rather lax and spreading: 
umbel few-flowered, the pedicels 10-15 mm. long: bracts ovate- 
lanceolate, acute, scarious and somewhat petaloid, green-nerved, 
shorter than fully developed pedicels: perianth white, shading 
to faint rose-color, 15-20 mm. long; the oblong obtuse segments 
a little longer than the tube, delicate in texture with a rather strong 
purplish-green mid-nerve terminating in a blunt hoodlike tooth 
at apex: stamens 6, in one row, united to each other and to the 
perianth segments by a delicate transparent membrane: anthers 
large, 5-6 mm. long: ovary ovate-oblong, about 6 ovules in each 
cell: mature seeds black, very large and thin, 7-8 mm. broad, the 
body of the seed less than half as wide as the black membranous 
epicarp. 

Named in honor of Epwin E. Payson, the collector, an enthusiastic 
student of the Colorado flora in the Montrose High School, class of 1913. He 
reports this plant abundant on the dry adobe soils, blossoming so early that 
‘bv the last of June there is nothing showing above ground except the scape 


bearing the large triangular dehiscent capsule.’’ Payson’s no. 33, Montrose, 
May 18, 1912, is the type. 
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Eriogonum Visheri, n. sp.—Bushy branched, glabrous or 
glabrate annual, 15-25 cm. high: stem usually solitary from the 
crown, branching from the first node, the 2 or 3 branches each 
branching di- or trichotomously several times, the ultimate 
branchlets filiform: leaves rosulate at the base, a whorl of fewer 
and smaller leaves at the first node; blades mostly broadly oval, 
rather thick, 15-20 mm. long, on petioles either longer or shorter 
than the blades; involucres turbinate, in the forks or at the nodes, 
either sessile or on slender erect pedicels 5-10 mm. or more long: 
flowers solitary or few in each involucre, usually drooping on short 
pedicels, very small, yellow; the perianth segments narrowly 
oblong, 1-1.5mm. long: achene trigonous, ovoid-acuminate, 
2mm. long. 

Singularly like EZ. mohavense Wats. in general aspect, but at once separate 
by its glabrous leaves. Geographically and environmentally very different. 
Secured by Professor S. S. VISHER, of the State University of South Dakota 
at Meadow, Perkins County, August 3, 1912, no. 536. 

Polygonum pannosum S. S. Sharp,’ n. sp.—Slender, glabrous 
annual, 15-25cm. high, from a slender, rigid taproot: stem 
branching irregularly from near the base upward, giving the plant 
a bushy appearance: leaves few, linear, inclined to be revolute, 
1-1.5 cm. long, acute, sessile, becoming bractlike above; sheaths 
lacerate into numerous threadlike awns, scarious on the margin, 
but with a brown midrib extending from the base to about one-half 
their length: flowers numerous in long, slender, spicate racemes, 
often secund, usually two in the axil of each small, subulate bract, 
both not appearing at the same time or one remaining rudimentary; 
pedicels short, slender, but slightly exserted, gradually curved 
downward until the mature flowers and fruits are deflexed: peri- 
anth segments white or sometimes pinkish, with a green midrib 
and base, 4mm. long: stamens 8: style short, the branches 
slightly spreading: achene black, smooth and shining, triquetrous, 
broadly ovoid, 2-3 mm. long. 

Most nearly allied to P. Douglasii Greene, but at once seen to be different 
by the slender zigzag skeletonized stems, the minute linear leaves, and the 


lacerate sheaths. It was found on sandy slopes in the hills near Sheridan, 
Wyoming, August 26, 1912, my no. 258. 


«Mr. SHARP is a student in the University of Wyoming. 
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Atriplex Greenei, n.sp.—Pale greenish moderately scurfy 
annual, with tapering taproot 1 dm. or more long, branching from 
the crown: the axes of the main branches excurrent, 1.5—3 dm. 
long, somewhat tortuous or zigzag, with short slender spreading 
or ascending branchlets from the numerous approximate nodes: 
leaves very narrowly linear, the lower only 10-15 mm. long, passing 
into the subulate bracts above: fructiferous throughout, the fertile 
flowers 1-several at each node: fruiting bracts very small, about 
2mm. long, closely united, narrowly ovate, the obtuse apex often 
tipped with a small tooth, the backs usually appendaged at the 
middle or above with few-several small conical or cylindrical 
papillae. 

This species is most nearly allied to A. tenuissima A. Nels., Bot. Gaz. 
34:257. 1902, but in that the leaves are only 1-7 mm. long, oblong to ovate 
or broader, and the fruit subpyramidal and tuberculate below the middle. 

I dedicate this species to its collector, the indefatigable phytographer, 
philosopher, and historian, my friend, Dr. E. L. GREENE, who secured it at 
Rock Springs, Wyoming, August 9, 18096. 

Arceuthobium Blumeri, n. sp.—Stems branching dichotomously 
beginning at the first node and then either regularly or often skip- 
ping a node, 4-8cm. long: fertile branches pale-green, with 
sharply almost wing-angled internodes; the connate scales form- 
ing a shallow cup with two very short broadly triangular points 
(or these sometimes nearly or quite wanting), the cup about 2 mm. 
broad: fruit narrowly elliptic or almost fusiform, 3 mm. long and 
half as broad, on a stipe about 2 mm. long, the body blue-green, 
the wrinkled conical apex and the stipe pale-—On Pinus strobi- 
formis Engelm. 

Specimens on which this species is based were secured in the Huachuca 
Mountains of Arizona, in October 1910, and were communicated by J. C. 
Biumer. Apparently this is the first record of this genus on the above species 
of five-leaved pines. A. cyanocarpum has been reported only on Pinus flexilis 


James. A. divaricatum Engelm. seems to use the one and two-leaved pines 
as host. 


Astragalus macer, n. sp.—Pale and obscurely appressed puberu- 
lent: caudex branched, mostly subterranean: stems slender, spar- 
ingly branched, 3-5 dm. high, including the raceme: leaves with 
linear rachis 3-6 cm. long, on which are borne 3-7 linear alternate 
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or subopposite pinnae 5-10 mm. long; stipules linear-subulate: 
flowers not in condition but evidently pale or ochroleucous: calyx 
tube narrowly campanulate, 5 mm. long, the subulate teeth half as 
long: pod glabrous, strictly 1-celled, dorsiventrally flattened, some- 
what keeled by both sutures, linear-oblong, acute at both ends, 20-30 
mm. long, 3-4 mm. broad; stipe from scarcely longer to twice as 
long as the calyx tube: ovules about 10, the alternate ones appar- 
ently aborting; seeds flat, nearly as broad as the pods. 

Allied to A. lonchocarpus Gray, from which it is at once distinct by its 
solid (not fistulous), slender stem, its smaller flattened pod on a much shorter 
stipe. Secured by E. P. WALKER? on dry foothills, Paradox Valley, Colorado, 
June 24, 1912. 

VIOLA SHELTONII biternata, n. comb.—V. biternata, Greene, PI. 
Baker. 3:12. 1901; V. Sheltoniit Rydb., Fl. Col., not Torr. 

Mr. Payson’s specimens make it evident that a form of the far western 


V. Sheltonii does occur in the Rocky Mountains. While it is not strongly 
marked, it would seem best to keep it as a geographical variety. 


Chylisma Walkeri, n. sp.—Very slender annual 1-2 dm. high, 
including the fruiting raceme which is more than half the plant: 
stem simple, or sparingly branched above, minutely glandular- 
puberulent and with some long white scattering spreading hairs: 
leaves few, approximate just below the peduncle or penduncular 
branches, entire, ovate to oblong-lanceolate, somewhat shaggy 
with stiffish white hairs: pedicels filiform, in fruit 10-14 mm. long, 
spreading at right angles (or somewhat deflexed), and bearing the 
ascending or erect capsule candelabra-like on the assurgent tip, 
subtended by a small, ovate, hirsute bract: flowers minute (for 
this genus), only 2 mm. long, yellow: calyx tube o.5 mm. long, 
narrowly oval, petals broadly oval: capsules large for the plant, 
clavate, as long as the pedicels: seeds large, lance-oblong. 

Probably allied to C. scapoidea (Nutt.) Small, and to C. Parryi (Wats.) 
Small, but at once separated from both by the glandular puberulence and the 
small flowers, the latter in every way suggesting one of the small-flowered 
species of Sphaerostigma. 

E. P. WALKER’s no. 200, Paradox Valley, Colorado, July 1, 1912, is the 
type and was secured on dry “‘gyp” hills. 


2 Mr. WALKER collected quite extensively for the University of Wyoming, in the 
vicinity of his home, Paradox Valley, southwestern Colorado, during the season of 1912. 
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Azaleastrum Warrenii, n. sp.—A low stoutish shrub, with gray- 
ish bark, the youngest twigs brown or greenish-brown: leaves in 
terminal fascicles of 3-5, ovate, oval, or obovate, from broadly 
rounded at apex to subacute, thin, green on both sides, glabrate 
(even when young), closely studded on the margin with minute 
gland-tipped hairs, the blade 1-2 cm. long and tapering to the 
short margined petiole-like base: the leaf bud scales (stipules ?) 
oblong-lanceolate, hirsute with reddish-brown hairs: flower buds 
with similar reddish-brown hairs but these very few and scattering 
on the oval brown deciduous scales, on the short stoutish glandular 
peduncle, and on the backs of the sepals: flowers lateral on the 
young twigs, solitary or few at the approximated nodes: sepals 
narrowly obovate-elliptic, same texture and color as the leaves, 
7-10 mm. long, obtuse or obtusish, closely beaded on the margin 
and back with short gland-tipped hairs: corolla campanulate- 
rotate, 10-15 mm. long and broad; its lobes suborbicular, about 
as long as the tube: stamens 10; the cells opening by terminal 
pores; the stoutish filaments shorter than the corolla, softly pubes- 
cent below the middle only: pistil stoutish, obscurely pubescent 
near the base, enlarging upward to the peltate-capitate stigma, the 
five lobes of which are encircled by a ringlike border: ovary 
covered with the gland-tipped hairs characterizing the plant: fruit 
wanting, but the ovules very numerous on the columellar placenta. 

This very interesting Rhododendron ally was secured by Mr. Epwarp R. 
WarrEN, of Colorado Springs, so well known for his ‘‘ Mammals of Colorado,”’ 
July 14, 1911, in Jackson County, Colorado. The material was exceedingly 
meager, but the request for full notes brought a very interesting letter, from 
which the following paragraph is quoted: 

“What you say about my no. 16 is very interesting. I found it at my 
camp on the lower slope of Mt. Zirkel, at the head of navigation for prairie 
schooners on the ‘Ute Pass Trail.’ If I remember correctly, it was quite 
abundant. It was a low plant, perhaps not more than a foot high. It was 
growing on a slope which was free from growing green timber, with many 
fallen dead logs, and some standing dead stubs. Soil was gravelly. I made 
the altitude 9,275 feet, and my altitudes checked very well last summer. 
There were a few scattering aspens growing about. I may possibly be mistaken 
as to its being a low plant, I made no special notes, but it was a different 
growing plant from the Ceanothus which grew in the region, and not as conspicu- 
ous a shrub. I evidently did not collect much of it, for I have but a single 
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twig left, and am sending you about half the flowers and leaves from it. If 
it turns out new and you wish to describe it now, I can send you the rest to be 
deposited as type specimen. It has quite a woody stem.” 

Its far northern relative Rhododendron albiflorum Hook. was raised to 
generic rank by Dr. RypBERG in his Flora of Montana, apparently very 
properly, using the name of the section in which it had been the sole species. 


Gentiana polyantha, n. sp.—Glabrous annual, 3-6 dm. high, 
erect, consisting of a main axis and usually a pair of slender erect 
floriferous branches from each of the several-many nodes: leaves 
numerous, nearly all subtending cymose flower clusters; lower 
leaves oblanceolate, nearly sessile by a broadish base, 2-3 cm. 
long; middle stem leaves sessile, somewhat longer, from oblong 
to lanceolate; gradually passing into linear-lanceolate ones with 
broad base: the thyrsiform inflorescence often extending nearly 
to the base of the plant: calyx with 2 ovate-lanceolate foliaceous 
sepals as long as the corolla tube, and 3 much smaller somewhat 
unequal nearly linear lobes: corolla blue or purplish; its tube 
10-13 mm. long; its ovate lobes about 5 mm. long, a broad lacerate- 
setaceous scale fully half as long at the base of each. 

In floral characters this is singularly like G. heterosepala Engelm., but there 
the similarity ends. As compared with that, the proposed species is unique 
in the longer acute leaves, the numerous branches and short internodes, the 
many flowered thyrse (some plants with more than 100 flowers), and the short 


pedicels. Secured by Ernest P. WALKER on Iron Springs Mesa, Colorado, 
August 21, 1912. 


GENTIANA ANDREWsII dakotica, n. var.—Leaves smaller and 
more numerous, narrowly oblong, 4-6 cm. long, tapering gradually 
to both base and apex, obtusish: corolla smaller, less dilated near the 
middle: stamens shorter, the scarcely adherent anthers extending 
but little above the middle of the corolla: corolla truncate at the 
barely contracted orifice, slightly lacerate-dentate on the margin. 

Anyone looking over a series of specimens representing G. Andrewsii will 
be struck at once by the marked difference in aspect between the eastern 
ones and those from the Dakotas. So marked is this that until the flora and 
fruit characters are examined G. Andrewsii is not suggested by the Dakota 
plants. The differences, however, do not seem to be fundamental, but may 
well be designated by a varietal name. The finest example at hand is one 


secured by Professor TuFTE, of the University of North Dakota, at Devil’s 
Lake, August 15, 1911, no. 195. 
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Mertensia refracta, n.sp.—Obscurely appressed pubescent 
throughout, the minute hairs without pustulate base: stems 
tufted, rather stout, more or less branched above, 2-4 dm. high (in- 
cluding the ample inflorescence), rather densely and equably 
leafy except below where the leaves are smaller or wanting: leaves 
sessile or nearly so, oblong to ovate, obtuse or subacute, 3~5 cm. 
long, 8-14 mm. broad: pedicels slender, 6-10 mm. long, early 
reflexed and most of them ultimately refracted: calyx cleft to 
the base; its lobes linear, softly hirsute, 2-3 mm. long: corolla 
blue, 1 cm. long; the campanulate throat and limb as long as the 
broad tube: stamens inserted in the throat; the filaments scarcely 
as broad as the anthers: cresis inconspicuous: style almost as 
long as the corolla. 

The most striking character of this species is the refracting of the pedicels, 
much as in certain species of Lappula, a character I do not recall as occurring 
in other species of Mertensia. In some species some of the flowers are at length 
reflexed, and in most of them the inflorescence as a whole is more or less droop- 
ing, but in this one the individual pedicels are sharply refracted at their very 
base. 

Secured by A. A. GrirFIn, Wagon Wheel Gap, Colorado, at gooo feet, 
July 28, 1912, no. 139. 

Oreocarya paradoxa, n. sp.—Matted cespitose perennial; the 
caudex freely branched, the branches short, crowded, covered 
with dead leaf-bases: stems short, 8-15 cm. long, more or less 
curved and ascending from the decumbent base, hirsute-hispid: 
leaves numerous, spatulate-oblanceolate, 1.5-3 cm. long, includ- 
ing the narrowed petiole-like base, subhispid with more or less 
appressed white hairs: inflorescence at first subcapitate, becoming 
a short thyrsoid spike: calyx cleft to the base, its lobes linear- 
lanceolate, 4-5 mm. long: corolla tube yellow, slender, nearly 
three times as long as the sepals; the yellowish or nearly white 
corolla lobes obovate, fully one-third as long as the tube; the crests 
very prominent: anthers just below the crests: nutlets ovoid, 
muriculate, attached by the middle to the ovoid gynobase, the 
free portion of the style twice as long as the mature nutlets. 

The yeilow-flowered species of Oreocarya are not numerous, and the 
long-flowered ones are even scarcer. This strongly tufted-matted form with 
its long clear-yellow tube is distinctive. Secured by E. P. WALKER on dry 
““gyp” hills, in Paradox Valley, Colorado, no. 91, June 19, 1912. 
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Pentstemon Griffinii, n. sp.—Stems solitary from the crowns 
of the short slender branches of the subterranean caudex, very 
slender, glabrous, erect, 2-3 dm. high: basal leaves rosulate on 
the crowns, relatively few, oblong-oblanceolate, 1.5-—3 cm. long, 
tapering into very short petioles; stem leaves about 3 pairs, those 
of the lowest linear-spatulate, the others linear and smaller: 
flowers few, in an open obscurely glandular-pubescent cymose 
panicle with subulate bracts: sepals ovate, acute, often purplish, 
with scarious margins, 5~7mm. long: corolla bluish-purple, 
tubular-funnel-form, about 2cm. long, the lips unequal; lower 
lip with two longitudinal yellow-bearded crests: sterile filament 
densely bearded for more than half its length with short soft 
yellow hair; anthers cells confluent but not explanate. 

No very near ally of this is known to the writer. Collected by ALFRED A. 
GRIFFIN in the Rio Grande Valley, on moist east slopes, at 8200 feet, July 28, 
1912, no. 145. Mr. GRIFFIN, who is now at the University of Michigan, is 
connected with the National Forest Service and was in the field in Colorado 
in the summer of 1912. 

MACHAERANTHERA PULVERULENTA vacans, n. var.—Probably 
a short-lived perennial, greenish, the viscosity extending to the 
branches and stems: stems suberect and sparingly branched: 
leaves small, mostly linear. 

It seems rather superfluous to add new names to our already long list, 
but the following numbers from WALKER’s collections are so aberrant that 
one hesitates to refer them to a known species without some explanation: 
no. 360, Paradox, August 1; no. 537, Coventry, Sept. 2; no. 434 (less typical), 
San Miguel Canon, August 10, 1912. 

Wyomingia vivax, n. sp.—The shrubby base (caudex) naked, 
freely branched, 5-10 cm. high; the season’s stems very slender, 
simple, moderately cinereous, 3-6 dm. high: leaves closely appressed- 
cinereous, scattering on the crowns of the caudex and on the 
stems, linear or some of them narrowly spatulate, 2-4 cm. long, 
becoming smaller upward and passing into the small bracts of 
the inflorescence: heads few-several, in an open corymb, medium 
size; involucre hemispheric, 7-10 mm. broad, its bracts softly 
cinereous, in 3 or 4 unequal rows; rays 15-20, pink; disk flowers 
numerous, small, with sordid pappus shorter than the corolla; 
achene sparsely pubescent, shorter than the pappus. 
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The generic position of this plant is not clear. It is aberrant as a Wyom- 
ingia, but more so as an Erigeron or Aster. It was secured by E. P. WALKER 
on the east slope of the La Sal Mountains, Utah, at about gooo feet elevation. 
Dry rocky hills, July 30, 1912, no. 355. 

Taraxacum fasciculatum, n. sp.—Root slender, with an enlarged 
crown bearing few-several oblanceolate or oblong obtusish merely 
dentate or denticulate subsessile or short-petioled glabrous leaves 
4-7 cm. long: scapes in small fascicles of 2—-several (usually 3 or 4) 
from the crown, produced simultaneously and subequal in length, 
in full flower 12-14 cm. long: heads medium size, the short caly- 
culate bracts few or wanting, none reflexed; involucral bracts, 
12-14 mm. long, lanceolate to linear, the outer ones notably corni- 
culate (achenes immature in the specimens at hand). 

A remarkably fine native species, seemingly very distinct. A. A. GRIFFIN, 
no. 111, Wagon Wheel Gap, Blue Park, altitude 11,000 feet, July 21, 1912. 
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SEED PRODUCTION IN YUCCA GLAUCA 
Max M. ELLIS 


In the course of other collecting in the autumn of 1912 some 
data were gathered concerning the amount of seed produced by 
Yucca glauca. It is well known that this plant depends upon the 
Yucca or Pronuba moth (Pronuba yuccasella)' for pollination, and 
that the larvae of the Pronuba in turn feed upon some of the devel- 
oping seeds of the Yucca. As a result, Yucca produces an excess 
of seed. It is concerning this excess of seed and the number of 
seeds eaten that data are submitted. Seed pods of Yucca were 
collected and counts made at Boulder and Wray, Colorado. 


1. Distribution of seed-producing plants 


At Boulder counts were made on three mesas, one north and one 
south of the city, and one near the base of Flagstaff Mountain. 
On the south mesa 320 plants were counted and no seed pods found. 
Many of the plants (about half of them) had flower stalks still 
standing. Some of these stalks were discolored and worn, showing 
them to be more than a year old, but the majority of the flower 
stalks were of this year’s growth. Occasionally a group of a few 
plants with old flower stalks, on which were old empty seed pods, 
was found. 

On the north mesa 142 plants were counted and none with seed 
pods found. Of this number 80 had this year’s flower stalks still 
standing and 12 had old flower stalks. 

Only on the mesa near Flagstaff were seed pods found on this 
year’s stalks. Here 210 plants were counted and 1o found with 
seed pods. These to plants were all included within a square of 
200 yards. 

At Wray observations were made on several mesas on the north 
side of the Republican River. No attempt was made to count all 
of the plants seen, but by comparison with the Boulder mesas at 


*Pronuba, although generally used, is preoccupied. The name should stand 
Tegeticula yuccasella. 
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least 7oo plants were examined. No seed pods on this year’s 
stalks were found, and conditions were essentially the same as at 
Boulder. About one-half of the plants had flower stalks standing; 
some of which were old and some this year’s growth. Several areas 
were noticed in which many of the plants bore old stalks with empty 
seed pods. Wherever these old empty seed pods were found, it 
was noticed that all the plants bearing them were in a rather 
restricted area (about roo yards square), and that most of the plants 
within this area bore pods. On the south side of the Republican 
River a group of yuccas was found with seed pods on this year’s 
stalks; 27 plants, all within a rectangle 100 by 200 yards, bore 
seed pods. Only the very small plants, of which there were 33 
within this area, were without seed pods. On the other hand, 
although yuccas grew on both the east and the west of this group, 
no other seed-producing yuccas were found for a distance of 
300 yards or more on either side. Table I shows that the seed 
production in this area was high. 


TABLE I 
Number of Number of pods 
plants per stalk 
5 


The data collected show that the seed-producing plants are 
found in occasional small groups. These occasional areas are to be 
explained as the result of a very local, annual distribution of the 
Pronuba moth, the pollinating agent of this species. It is evident 
that a large number of yuccas flower every year, and it is hardly 
possible that all of these flowers are infertile were they properly 
pollinated. Allowing 10 blossoms to each stalk, it is seen that the 
number of blossoms produced annually in even a small area is 
very large. This points to an enormous waste by the species as a 
whole, as a result of the restricted pollination by a single species 
of insect, if the yucca moth is always so locally distributed. So far 
as could be determined, there were no barriers to a flying insect 
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between the areas of seed-producing yuccas and those without seed- 
producing plants, yet the local distribution of the seed-producing 
plants obtained in all cases. 


2. Seed production 


The seed pods as collected in the field were placed in small 
paper bags. In the subsequent counting of the seeds of each pod 
three classes were recognized. Seeds of the first class were termed 
perfect seeds; these were the uniform, well-filled, shiny black seeds 
which were uninjured, that is, they were apparently perfect seeds 
so far as could be determined by inspection. The second class 
included all the seeds injured by the larvae, and they are listed as 
seeds eaten. As the Pronuba larva grows it eats its way up through 
the center of the column of flat seeds, which are stacked vertically 
in the pod like a pile of coins. The seeds which had been eaten were 
usually ring-shaped, as only the central portion was destroyed. 
The diameter of the area destroyed increased as the top of the 
pod was approached, since the larva grew as it ascended the column 
of seeds. Often seeds taken from the top of the pod were almost 
completely eaten, while those from the bottom were perforated by 
holes mm. or soin diameter. Asa rule, the injured seeds remained 
in place in the pod and were usually cemented together by the 
excrement of the larva. There was some evidence that the seeds 
continued to fill out even after the larvae perforated them, as the 
seeds so injured were of about the same thickness as the uninjured 
seeds. The number of white infertile seeds was also apparently 
the same in the columns of injured seeds as in the columns of 
uninjured seeds. In the third group, termed imperfect seeds, were 
placed the infertile white seeds and the few malformed black seeds. 
In separating the seeds of this group and of group one there was a 
chance for error; it was often difficult to decide whether a seed was 
of one class or the other. Since most of the good seeds, however, 
were so well formed, this discrepancy is within the probable error. 
The data for the individuai pods is given in table II, and the 
summarized results in tables III and IV. The pods from each 
stalk are listed separately. 

The average number of seeds produced was about 300 per pod. 
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These were divided about equally between the perfect black seeds 
and the infertile white seeds. The malformed seeds were few and 
were generally at the bottom of the pod. The individual data 


TABLE II 


BOULDER PLANTS 


Perfect Imperfect Seeds | Seeds in Number of | Seeds eaten | Per cent per 
seeds seeds | eaten | pod larvae per larva | larva 
Plant 1 | | 
133 | 128 | 60 | 321 2 30 9 
157 | 1590 ° 316 | I ° 
165 | ° 318 | I ° ° 
Plant 2 | | 
172 41 156 3690 12 13 4 
118 210 46 374 2 23 6 
2 141 ° 203 I ° ° 
Plant 3 
15 102 139 256 | 3 46 18 
5 132 86 223, 3 29 13 
Plant 4 
177 18 84 448 3 26 6 
245 | 72 17 334 | 2 8 2 
125 19 331 I 19 6 
172 5 ° 322 I ° ° 
Plant 5 
72 104 58 234 | 3 19 8 
I51 166 I 218 | I I 0.5 
Plant 6 | 
5 61 10! | 316 I 101 32 
18 130 26 | 274 I | 26 fe) 
Plant 7 | 
232 ° 284 | I ° 
Plant 8 | | | 
232 96 27 355 | 2 13 4 
Plant 9 | 
125 10o5 | 95 | 325 | 5 | 0 | 6 
Plant 10 | | | | 
136 an 320 | 2 | 13 4 
127 | I 8 3 
WRAY PLANTS 
Plant 11 | 
72 gl 36 189 I 26 14 
63 12 195 270 2 87 32 
27 18 169 214 3 56 26 
31 180 238 9 20 9 
7 5° 147 273 25 9 
50 50) 64 168 | 2 25 15 
Plant 12 | 
70 14t | 41 252 2 | 20 8 
107 ° 216 I | ° ° 
54 5 187 291 | 10 | 19 7 


} 
| 


P 
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show a tendency at least for the pods on the same stalk to produce 
about the same number of seeds, although the number of pods per 
stalk is apparently not a factor. The highest number of seeds taken 
from a single pod was 448 from a pod of plant 4, which bore 4 pods. 
The lowest number, on the other hand (168), was from a pod of plant 
11, with 6 pods. 


TABLE III 
| Seeds in Perfect Imperfect | Seeds | Actual loss 
pod seeds seeds eaten in per cent 
| 168 5 | ° ° 
448 245 210 187 64 
| 280 118 104 58 21 
TABLE IV 
| Number of Seeds eaten per | Per cent of seeds 
| larvae larva | eaten per larva 
12 IOI 32 


3- Relation of larvae to seed production 


The most interesting point in connection with the seed pro- 
duction of Yucca is the presence of the larva of the Pronuba moth, 
whose existence depends upon the destruction of some of the seeds. 
Theoretically, a single larva to each pod would give the optimum 
condition for Yucca, as this would represent a single pollination 
by a parent Pronuba. If the number of larvae be greater than 
one per pod, the advantage is on the side of the Pronuba until 
the number of larvae is such that the entire mass of seed produced 
is destroyed. This last condition would of course exterminate the 
moth. 

That one larva to each pod is the optimum number is shown by 
the fact that 9 of the 11 pods in which but a single larva was found 
produced the average number of perfect seeds or more. 

The averages also show that Yucca is successful in seed pro- 
duction even against odds. The average number of larvae per pod 
found was 3, and of the 26 pods with 3 or fewer larvae 12 produced 
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the average number of perfect seeds or more. That the presence of 
a number of larvae in a single pod need not prohibit average seed 
production is shown by plants 2 and g. A pod of the former pro- 
duced 172 perfect seeds, although 12 larvae had been in the pod. 
The pod of plant 9 also produced good seed in excess of the average 
even though there were 5 larvae in it. The number of larvae pres- 
ent did not seem to have any effect on the total number of seeds 
(both infertile and perfect) produced. 

The production of the average number of perfect seeds by pods 
with many larvae calls attention to the influence of parasites of 
Pronuba. Of the 30 pods examined, 7 were found without injured 
seeds. In several other cases, although some of the seeds had been 
eaten, the dried skin of the larva was found in the burrow in the 
seed column where it had died. It is well known that most species 
of insects are parasitized by other insects, particularly by minute Hy- 
menoptera. These parasites are usually parasites of the egg or the 
larva of the host. The action of such parasites would account for 
the death of the eggs and young larvae of Pronuba. The result of 
the presence of these parasites would be advantageous to Yucca, 
for once the parent Pronuba has pollinated the blossom of Yucca 
its value to that Yucca plant ceases. The destruction of seeds 
vy larvae is unnecessary, as proven by 7 cases, and, so far as the 
particular plant is concerned, disadvantageous. The advantage 
comes only to the species as a whole, in supplying food for the 
Pronuba larva. The elimination of some of the eggs and larvae of 
Pronuba by parasites could also be of value to Yucca as a group, 
if not carried too far. These egg and larva parasites aid in pre- 
serving the balance by reducing the number of larvae toward the 
optimum for the plant, thus saving the plant the seeds eaten by the 
extra larvae. Ifthe 7 pods which lost no seeds as the result of injury 
by larvae be dropped, the average number of seeds eaten per larva 
is raised from 1g to 24, and the number lost per pod from 58 to 72. 
The destruction of the egg in these 7 cases makes this important 
change in the averages, and if the saving of seed to the plant by the 
destruction of the immature larvae could in some way be figured in, 
the change would be still greater. Of course these eggs and larvae 
may not have been destroyed by parasites, although that is rather 
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improbable, judging by the cases of other insects, but the factor 
of elimination of some of the eggs and larvae remains, and the 
advantage, from whatever cause, is to the plant. 

In conclusion it is to be noted that Yucca is a successful plant in 
regions where the climatic conditions are requisite and Pronuba 
is found. The peculiar method of pollination by a single insect 
species, which is maintained at the expense of the plant, must then 
also be considered successful. The averages show that it is. An 
average pod produces 300 seeds, over 100 of which are perfect, at a 
loss of 58 seeds, that is 21 per cent of the total production. 


UNIVERSITY OF COLORADO 
BouLpDER, CoLoRADO 


CURRENT LITERATURE 


BOOK REVIEWS 
Trees in winter 


In the past, tree manuals have either been without adequate illustrations 
or they have been too expensive for many who would otherwise have been 
students of tree life. The present volume’ is inexpensive and yet each one of 
the more than too species described is represented by excellent halftone 
reproductions of photographs of the winter habit, the fruit, the twigs, and the 
bark, making in all more than 500 separate illustrations. The book consists 
of two parts, the first devoted to the planting and care of trees and covering 
182 pages, and the second to descriptions of the tree species together with keys 
for their identification. The latter part, as it appeared in bulletin form, was 
reviewed in this journal? somewhat more than a year ago. 

The introductory chapter on the study of trees discusses the importance of 
the subject for various grades of school and college work, as well as the aspects 
which appeal to the amateur, the artist, and the poet. Some directions 
are given for conveniently measuring the height of trees without elaborate 
apparatus, and tree photography is briefly considered. There follows a series 
of chapters on the selection of trees for various purposes, their planting, and 
their care. This topic is expanded to include the treatment of various injuries 
and the control of insect and fungous enemies. 

The systematic part begins with a general chapter on the terms employed 
and their application to the description and identification of various species. 
It is followed by keys for (1) the genera and (2) the species. For the conifers, 
leaf and bud characters are employed; while for deciduous genera, the bud, 
leaf scar, and twig are made the principal bases of identification, with an 
occasional final appeal to the fruit. The description of species is concise, 
being limited to a single page for each, but quite sufficient for accurate deter; 
mination, and is supplemented with data concerning the distribution, character, 
and economic uses of the wood, together with synonyms for both common and 
scientific names. Facing the description is the plate illustrating the tree, 
making the arrangement very convenient. A good index adds to the efficiency 
of this excellent work. Its scope fits it for use in the college, the school, and 
the home.—Geo. D. FULLER. 


* BLAKESLEE, A. F., and Jarvis, C. D., Trees in winter. 8vo. pp. 446. figs. 103. 
pis. 109. New York: Macmillan. 1913. $2.00. 


2 Bor. Gaz. 532355. 1912. 
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Local and spring floras 


The increased demand for convenient and relatively inexpensive hand- 
books dealing with the flora of limited areas, particularly in the western states, 
has led to the publication of several local floras which deserve notice. Among 
these are: (1) PETERSEN’s’ Flora of Nebraska, in which the author seeks to 
present a list of ‘‘all conifers and flowering plants, both native and introduced, 
which grow without cultivation in Nebraska.”” The enumeration of species is 
preceded by keys leading to their determination, and their distribution in 
the state is indicated. Formal descriptions, however, are omitted. (2) Gar- 
RETI’S* Spring flora of the Wasatch region, in which the author’s aim is ‘‘to 
furnish a flora containing practically all the plants of a limited area that 
bloom during the spring months” or by the middle of June. The main 
object of this book is to stimulate the student to a study of the vernal 
flora of the “‘eastern edge of the Great Basin.” The treatment of genera 
and species is conservative and reliable, and synonyms are introduced when 
clearness may be gained thereby. (3) NELSON’s’ Spring flora of the inter- 
mountain states. In this book no pretense is made to include all the flowering 
plants of the spring season, but rather “‘some of the plants that bloom early 
in the year.” It is intended to serve merely as an introduction to the flora 
of the region outlined, namely Colorado, Wyoming, Montana, and adjacent 
parts of Idaho, Oregon, and Utah; and in connection with it the author 
recommends the use of more complete manuals for reference. 

These little volumes are of portable size, convenient for field work, and no 
doubt will be helpful to the student in gaining an introductory knowledge of 
the flora of the regions to which they appertain.—J. M. GREENMAN. 


Forests of Nova Scotia 


In anticipation of adopting a definite policy of conservation of its forest 
resources, a survey of the existing conditions has been made by Nova Scotia.® 
The importance of such an undertaking is seen to be very great when it is 
realized that 80 per cent, or 14,000 square miles, of the province consists of 
non-agricultural land covered with forests, or fit only for that purpose, and 
that this resource, furnishing some five millions of dollars in value of annual 
3 PETERSEN, N. F., Flora of Nebraska. A list of the conifers and flowering plants 
of the state with keys for their determination. 8vo. pp. 217. Published by the 
author, Lincoln, Neb.: Printed by the State Printing Co. 1912. 

4GarreTT, A. O., Spring flora of the Wasatch region. 2d ed. 8vo. pp. xii+139. 
Lancaster, Pa.: New Era Printing Co. 1912. 

5 NELSON, AVEN, Spring flora of the intermountain states. 8vo. pp. xv-+204. 
Boston: Ginn & Co. 1912. 

6 Fernow, B. E., Howe, C. D., and Waite, J. H., Forest conditions of Nova 
Scotia. Imp. 8vo. pp. v+93. pls. 12. maps 5. Commission of Conservation, 
Ottawa, Canada. 1912. 
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product, is in danger of exhaustion within the next two decades. Of the forest 
area less than 2 per cent is virgin, about 1o per cent is barren, while vast 
areas have been burned and are in various stages of reproduction. The pure 
deciduous forest includes less than 10 per cent of the whole, and the pure 
coniferous growth about 20 per cent, while the remainder is mixed, varying 
from a beech-maple-hemlock association, with a small percentage of spruce in 
the Annapolis Valley, to one in which birch, spruce, and balsam fir predominate 
in the more rugged portions of the province. 

The ecological part of the survey was carried on principally by Howe and 
his assistants. The geology and topography are carefully considered and related 
to the conditions of reproduction and distribution of the various tree species. 
Special attention is given to the causes and possibilities of the barrens 
and semi-barrens. Most of the latter are found to have been caused by 
repeated fires in regions with coarser soils. If the fires are excluded and 
provision made for seeding, Howe concludes that within a century a 
marketable forest would be developed. All the conditions point not only 
to the need of conservation, but also to the comparative ease with which 
it could be instituted and the excellent results likely to follow such a policy. 
—Geo0. D. FULLER. 


MINOR NOTICES 


Syllabus der Pflanzenfamilien.’—The student of taxonomy, as well as all 
those who have frequent occasion to use an abbreviated synopsis of the vege- 
table kingdom, will welcome the appearance of this new edition of the well 
known Syllabus. From former editions it differs mainly by the incorporation 
in the text of numerous carefully selected figures which greatly elucidate the 
subject. A few additions have been made and certain groups of plants which 
until recently have been placed doubtfully in the natural system are here given 
a definite position in the progressive sequence of orders. For example, the 
Julianiales (Juliania and Orthopterygium) is ranked as an independent order 
and placed between the Juglandales and Fagales in accordance with HEMSLEY’s 
recent treatment. Manifestly, in a work of this scope it would be impossible 
to take cognizance of all genera known up to the time of publication; but a 
statement by these eminent authors of the relative position of the remarkable 
plant described as Mitrastemon, representing the monotypic order Mitraste- 
monales of MAKINO, would have been of interest to the systematist. However, 
this is but a slight omission when one considers that the purpose of the work is 
to serve as a convenient guide for the classification of plants in accordance with 
the most advanced knowledge of the science at the present time. The book 
contains a vast amount of authoritative information in epitomized form, and 
deserves, and doubtless will meet with, a wide circulation among American 
students.—J. M. GREENMAN. 


7 ENGLER, ADOLPH, and GILG, Ernst, Syllabus der Pflanzenfamilien. pp. xxxii+ 
387. figs. 457. Berlin: Gebriider Borntraeger. 1912. 
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Terminology of experimental evolution.—The more recent investiga- 
tions of experimental morphology, experimental evolution, inheritance, and 
allied subjects have brought into existence a new technical vocabulary so 
extensive in its nature as to warrant such a work as the present volume by 
Roux.’ It is intended to supplement botanical, zoological, and medical dic- 
tionaries, duplicating them only in such terms as have been modified in their 
application, content, or implication by recent workers in the fields mentioned. 
It contains over 1000 terms, each defined and explained in considerable detail, 
and is made even more useful by citations to authors originating or employing 
the words, and by numerous references to terms of related concept. The work 
seems to be done in a manner which will realize the intention of the author, 
namely, to introduce the literature of these experimental studies to a wider 
circle of readers, to assist workers in the proper expression of their results, 
and to promote uniformity in a terminology which is necessarily at once some- 
what extensive and rapidly enlarging —Geo. D. FULLER. 


Geographical distribution of North American trees.—The first of a 
series of atlases mapping the distribution of North American trees (exclusive 
of those confined to Mexico) has just appeared and is devoted to the genus 
Pinus.’ It includes 36 maps, 14. 5X 20 inches, each giving in detail the range 
of one species of pine. In mapping these trees, all published records have been 
consulted and: additional data have been drawn from the investigations and 
reports of members of the Forest Service. Unfortunately, it has been found 
impossible, because of lack of accurate detailed information, to indicate 
anything concerning the density or continuity of the growth of each species, 
hence only the botanical range is indicated. When completed this series of 
maps will form a valuable addition to present literature on North American 
forests—GEo. D. FULLER. 


Queensland plants.—The second edition of BAILEY’s Catalogue of Queens- 
land plants is much enlarged and has been greatly improved by numerous 
illustrations, including 16 fine color plates. All the known plants of the state 
are listed, including the bryophytes and thallophytes. There are numerous 
notes on economic features, and the addition of vernacular and aboriginal 
names will be of great assistance to those who are looking for plants in localities 
where scientific names are unfamiliar. BENTHAM and HOOKER’s Genera Plan- 
tarum and the Flora Australiensis have been followed for the spermatophytes 


8 Roux, W., Terminologie der Entwicklungsmechanik der Tiere und Pflanzen. 
8vo. ix+465. Leipzig: Englemann. 1912. M1o. 

9 SupworTH, Geo. B., Geographic distribution of North American trees. Part I. 
Pines. U.S. Dept. of Agric. Forest Service. 1912. 

0 BarLey, F. Manson, Catalogue of Queensland plants. 8vo. pp. 879. figs. 976. 
colored pls. 16. Published by the Queensland Government. Brisbane. 1913. 
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and pteridophytes; for bryophytes and thallophytes the catalogue is based upon 
various monographs. BAILEy’s experience with Australian plants, extending 
over half a century, adds much to the practical value of this work.—CHARLES 
J. CHAMBERLAIN. : 


Plants of Palestine.—D1vsmore" has published a catalogue of the plants 
of Palestine which is based on the well known floras of Post and BolssIEr, 
supplemented by additional collections made during the past few years. The 
catalogue includes the indigenous ferns, fern-allies, and flowering plants, 
also the cultivated plants of the region, and the total number of species amounts 
to about 2000. An interesting feature of the publication is the association of 
the Arabian name of the plant along with its scientific name. This part has 
been prepared by Professor G. DALMAN.—J. M. GREENMAN. 


Plants of Massachusetts.—Stone” has published a list of the vascular 
plants of three counties of Massachusetts, which comprise the Connecticut 
Valley and represent a section of the state from Connecticut to New Hampshire 
and Vermont. This very interesting region has been the “stamping-ground” 
of such botanists as HitcHcock, TUCKERMAN, JESUP, CLARK, Coss, etc., and 
Stone has brought their work up to date. The list includes 75 pteridophytes, 
16 gymnosperms, 417 monocotyledons, and ggo dicotyledons, 1498 species in 
all.—J. M. C. 


A manual of the cryptogams.—ROSENVINGE® bas published an account 
of the cryptogamic groups as a companion volume to the last edition of WARM- 
1NG’s Systematic botany, which includes only the seed plants. A wealth of 
material is presented, and more than 200 excellent figures (38 of them original) 
have been added to those that appear in the cryptogamic part of the older 
editions. As the author says, the volume is a handbook rather than a textbook, 
introducing students and teachers to material.—J. M. C. 


Dictionary of botanical names.—ZImMER" has prepared a small, compact 
dictionary which defines chiefly names of species. It will enable one who is not 
a linguist to discover what specific names really mean. The thought of the 
author is that it will give some interest to “these strange names that are all 
but barren of interest in themselves.”—J. M. C. 


Dinsmore, J. E., Die Pflanzen Palistinas. Zeitsch. Deutsch. Palistina- 
Vereins 1911. Reprint pp. 122. Leipzig: In Kommission bei J. C. Hinrichs. 1911. 

2 STONE, GEorGE E., A list of plants growing without cultivation in Franklin, 
Hampshire, and Hampden Counties, Massachusetts. pp. vii+72. Amherst, Mass. 
1913. 

13 ROSENVINGE, L. KoLpDERUP, Sporeplanterne. pp. x+338. figs. 513. Copen- 
hagen and Christiania: 1913. 

14 ZIMMER, GEORGE FREDERICK, A popular dictionary of botanical names and 
terms. pp. 122. London: George Routledge & Sons; New York: E. P. Dutton & Co, 
1913. $1.00. 
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NOTES FOR STUDENTS 


Mitosis.—In a remarkable series of papers on nuclear division, LAWSON 
establishes several claims which differ from current notions, and raises several 
questions which should stimulate research. The first paper, dealing with 
synapsis and showing that this is not a contraction phase, has already been 
- noted in this journal.'s The principal conclusion of the second paper” is that 
the achromatic figure is not ai active factor in mitosis, but merely the passive 
effect of nuclear osmotic changes. Pollen mother cells of Disporum, Gladiolus, 
Yucca, Hedera, and the root tips of Allium furnished material for the investi- 
gation. In the pollen mother cells, after the great increase in the size of the 
nuclear vacuole during synapsis, the size of the nuclear vacuole begins to 
diminish. The nuclear membrane is not only extensible, but is elastic, so 
that the passage of karyolymph from the nucleus into the cytoplasm is accom- 
panied by a diminution in the volume of the nucleus. When the nucleus has 
attained its greatest volume, the cytoplasm shows a reticulate structure; 
but as the size diminishes, the tension draws the network out into the familiar 
threads, known as kinoplasm, which become more and more distinct. When 
the nucleus has reached its minimum size, the nuclear membrane has always 
been reported to break down and disappear. Lawson claims that in the living 
cell it does not break down at all. Even if there should be a rupture, the 
karyolymph, coming into contact with the cytoplasm, would immediately 
precipitate another membrane, so that no break would appear. However, 
breaks may occur in fixed material on account of osmotic changes due to the 
fixing agent, since the simultaneous killing of the cytoplasm would prevent 
the precipitation of a new membrane. When the stage is reached at which the 
membrane is reported to break down, the membrane is really so closely applied 
to the chromosomes that it is indistinguishable. The membrane being a part 
of the same cytoplasm which is drawn out into fibers, it is easy to understand 
why an approximately equal sheaf of fibers is attached to each end of each 
chromosome, for each chromosome is surrounded by a part of the nuclear 
membrane which forms the base of the fibers. The shifting of fibers and cones 
of fibers, so frequently described, does not mean that individual threads or 
cones travel through the cytoplasm, but rather that new lines of tension are 
developed, so that what was formerly reticulate cytoplasm becomes fibrillar, 
and what was fibrillar resumes the reticulate form. The cones of the multi- 
polar spindle do not fuse to form a bipolar spindle, but the bipolar spindle is 
the expression of a new line of tension. The spindle in vegetative cells does not 
assume the multipolar form on account of the vacuolate cytoplasm, pollen 
mother cells being practically free from vacuoles. 


Bor. GAZ. 512313. 


Lawson, A. A., Nuclear osmosis as a factor in mitosis. Trans. Roy. Soc. 
Edinburgh 48:137-159. pls. I-4. 1911. 
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In the third paper,’ dealing with chromosome reduction, the material 
used was Smilacina, Kniphofia, and Aloe. Lawson finds no continuous 
spirem at any stage, but always a number of separate threads, probably as 
many as there are chromosomes. Even in the reticulum the threads are double 
and the double character becomes more pronounced in later prophase. If 
these two parts of each chromosome should separate at this stage, an ordinary 
vegetative division with the diploid number of chromosomes would result; 
but, as the threads shorten and thicken, the double character becomes indis- 
tinguishable, so that each thread appears single. These apparently single 
threads now unite laterally in pairs, forming bivalent chromosomes, and the 
two members of the bivalent chromosome are separated at the heterotypic 
mitosis, so that entire vegetative chromosomes pass to the pole, thus accom- 
plishing the reduction in number. Although the conclusions are contrary to 
generally accepted views, the figures and arguments seem convincing.— 
CHARLES J. CHAMBERLAIN. 


Changed permeability and antagonism.—During the last half-decade 
LEPESCHKIN, TRONDLE, and other workers have developed accurate methods 
for determining the rate at which various solutes (NaCl, KNO,, glycerine, 
glucose, etc.) enter the plant cell. LEPESCHKIN states the degree of permea- 
bility in the following unit: molecular weight entering unit surface of the cell 
in unit time per average mol difference in concentration inside and outside the 
cell. These methods have been applied in determining the effect of various 
conditions and reagents upon the permeability of the protoplasm to the solutes 
studied. The work asa whole establishes that marked changes in permeability 
to nutrient salts and other solutes are produced by variations in temperature 
or light-intensities and by the application of anesthetics or certain salts. It 
also involves definite measurement of the magnitude of the permeability 
changes and leads to the generalization that in nature the protoplasm of plant 
cells changes in its degree of permeability from hour to hour with the changing 
condition, and that there exist daily, seasonal, and annual rhythms of permea- 
bility changes. It is rather hard to over-emphasize the physiological signifi- 
cance of these facts in explaining some phases of plant activities. For example, 
~LEPESCHKIN has found that variation movements in plants are caused in the 
main by modified permeability of pulvinal cells to contained solutes, which 
is induced by changing environment or internal conditions. 

Now Sztcs" believes he has shown that the antagonistic action of various 
metallic ions toward other metallic ions, alkaloids, and basic dyes is due to the 
antagonistic ions reducing the rate at which the toxic agents mentioned enter 

17 Lawson, A. A., A study in chromosome reduction. Trans. Roy. Soc. Edinburgh 
48:601-627. pis. 1-3. 1912. 

Szitcs, Josep, Experimentelle Beitriige zu einer Theorie der antagonistischen 
Ionenwirkungen. Jahrb. Wiss. Bot. 52:85-142. 1912. 
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the protoplasm. He first makes a study of the antagonism of AICI; to CuSO,. 
For this study he uses the hypocotyls of Cucurbita Pepo, which are placed in the 
solution to be tested for a given time, removed, rinsed with distilled water, 
and dried with filter paper, then placed in a horizontal position in saturated 
air, and after 24 hours examined for geotropic response. The length of exposure 
at a standard temperature in a given solution that nulls geotropic reaction in 
70 per cent of the hypocotyls is termed the life-duration for the solution. 
In 0.025 2 CuSO,, the life-duration is less than 40 minutes; but if the solution 
also contains 0.15 ” AICl,, the life-duration is 4 hours. In this concentration 
of CuSO, higher or lower concentrations of AICI; give shorter life-durations. 
In 0.005625 2 CuSO, the life-duration is about one hour, but if AlCl, is present 
in 0.025 m concentration, the life-duration is 22 hours; and if in 0.07 m concen- 
tration, 26 hours. The author shows that in a given CuSO, solution for a given 
time far less copper enters the hypocotyl when AICI; is present, but it is to 
be regretted that his determinations of copper were not quantitative. It is 
maintained that the slower entrance of the copper salt in the presence of AICI, 
is due to a lowering of the permeability of the plasma, as such, to the former, 
and not to the other possibility of lowered toxicity, for concentrations of AlCl; 
that are themselves quite injurious to the cells lower markedly the rate of 
entrance of CuSO,. Potassium nitrate showed some antagonism against the 
toxicity of quinine hydrogen chloride and methyl violet to Spirogyra. The 
nitrate of calcium was much more effective in this respect, and it in turn was 
greatly excelled by the nitrate of aluminium. In these cases also antagonistic 
action seems to be due to reduced permeability. Inorganic salts are not 
constantly antagonistic to the toxic action of piperidine on Spirogyra; while 
some increase the toxicity, others lower it. The effect in these cases is a func- 
tion of both the kation and the anion, although the kations are predominant 
in their influence. Slight traces of alkaloids and basic dyes in the protoplasm 
render it more subject to deformation by the salts used, whether the latter act 
antagonistically or not.—W™M. CROCKER. 


Wild wheat in Palestine.—The discovery of wild wheat in Palestine by 
AARONSOHN has attracted a great deal of attention, chiefly because of the 
possible practical importance of a hardy race of wheat. This Palestinian 
wheat has now been under observation and culture for three or four years, 
and the general results have been summarized by Cook” in a bulletin of the 
Bureau of Plant Industry. The whole bulletin is of interest, but only certain 
general conclusions can be selected for mention. 

The wild wheat was discovered on Mount Hermon, but later it was found 
growing under very different conditions in the Jordan Valley, and probably 
has a much wider range. It is especially abundant on limestone formations, 


9 Cook, O. F., Wild wheat in Palestine. Bull. 274, Bur. Pl. Ind., U.S. Depart. 
Agric. pp. 56. figs. 11. pls. 15. 1913. 
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being absent or very scantily represented on volcanic intrusions. It is exceed- 
ingly variable in pollination methods, being not only adjusted for cross- 
pollination by the extrusion of the stamens, but in some cases being protogy- 
nous or protandrous. Occasionally it is adjusted for self-pollination, like 
the domesticated wheats. It is thought that the remarkable individual diver- 
sity shown by this wild wheat is explained by the great freedom in adjustments 
for pollination. It is further concluded that the self-pollination of the domesti- 
cated races is not a primitive condition, but that the adjustments for cross- 
pollination have been lost, and as a consequence there has been a decline in 
vigor, fertility, and disease-resistance. 

The joints of the rachis are peculiar in separating from one another at 
maturity, each joint remaining attached to its spikelet and forming a barbed 
beak. It was observed that these beaked spikelets “creep into crevices of rocks 
or bury themselves in the soil.” 

There seems to be no reason to doubt that this Palestinian plant is a 
genuine wild wheat, but it is by no means certain that it is the prototype of 
our domesticated races. In fact, it is suggested that it be named as a distinct 
species (Triticum hermonis, from Mount Hermon). Of course, whether it is 
the prototype of our domesticated races or not is not a question that affects 
its practical value. 

T. hermonis is a hardy plant in the sense of being able to live under a wide 
range of natural conditions, and it suggests the possibility of obtaining from 
it races of wheat adapted to the arid regions of the southwestern states. There 
is also a possibility of breeding its rust-resistance into our domesticated races. 
It is even suggested that this wild wheat may be used as a self-sown forage 
plant on the grazing lands of the Southwest; but the caution is urged that it 
might become a troublesome weed!—J. M. C. 


Biologic species of Rhytisma.—The widespread occurrence of Rhytisma 
acerinum on many species of maple has led MULLER” to investigate the host 
relationships of this form whose distribution seems to indicate that it includes 
several biologic species. The field observations which led to this view were 
fully confirmed by cultural experiments which showed that the forms usually 
included in Rhytisma acerinum can be separated into at least two biologic 
species. The name R. acerinum is retained for one of these, the other is 
described as R. pseudoplatani. 

Under R. acerinum two minor forms are distinguished according to the 
ease with which they infect different species of maple. R. acerinum f. plata- 
noides occurs principally on Acer platanoides and infects less easily A. pseu- 
doplatanus and A. campestris. R. acerinum {. campestris occurs principally 


20 Miter, K., Zur Biologie der Schwarzfleckenkrankheit der Ahornbiume, 
hervorgerufen durch den Pilz Rhytisma acerinum. Centralbl. Bakt. II. 36:67-08. 
figs. 4. pls. 4. 1912. Preliminary account, Ber. Deutsch. Bot. Gesells. 30: 385. 1912. 


x 
| 
ae 


88 BOTANICAL GAZETTE [JULY 


on A. campestris, and less abundantly on A. platanoides, but not at all on 
A. pseudoplatanus. R. pseudoplatani infects only A. pseudoplatanus, upon which 
it occurs in company with R. acerinum platanoides. 

Infection by the spores of Rhytisma always takes place on the lower sur- 
faces of the leaves. Observations during a period of six years show that there 
is a parallelism between the severity of the disease and the quantity of rainfall. 
No appreciable injury results to the trees from the attack of the fungus. 

An experiment carried out by LEsLI£ and reported by TuBEUF* confirms 
in part the results of MULLER. Leaves of Acer pseudoplatanus, bearing 
sclerotia with ripe ascospores of Rhytisma, were suspended over pot-plants of 
A. pseudoplatanus, A. platanoides, A. campestris, and A. Negundo. Of these 
only A. pseudoplatanus was infected, showing that the fungus was unmixed 
R. pseudoplatani of MULLER.—H. HASSELBRING. 


Fertilization in Lilium.—Although every cytologist has studied fertiliza- 
tion in Lilium and many have published their observations and conclusions, 
BLACKMAN and WELSFORD” have added a short paper to the list. They con- 
firm the observation of NAWASCHIN and others, that the male nuclei are not 
accompanied by any cytoplasm, and agree that the male nuclei are capable 
of independent movement. The male nucleus which fuses with the polar 
nuclei is larger than the one which fuses with the egg nucleus, and is distinctly 
pointed. In both nuclei the chromatin is not in the form of a resting network, 
but is arranged in strands resembling a spirem. NAWASCHIN thought this 
arrangement was due to the motile condition, but the present authors suggest 
that it represents an early prophase of division. In Fritillaria, and perhaps 
in Lilium, the pollen tube does not enter the cytoplasm of the sac, but presses 
between the cytoplasm of the egg apparatus and the cytoplasm of the middle 
portion of the sac.—CHARLES J. CHAMBERLAIN. 


Nuclei in sieve tubes.—It is generally accepted that the nuclei of sieve 
tubes soon disorganize and disappear, even such investigators as STRASBURGER 
(1891) and ZACHARIAS (1895) having failed to find nuclei in the mature tubes. 
By using the careful methods of modern cytology, ScHmipt? finds that in 
Cucurbita Pepo, Victoria regia, and Trapa natans, the nuclei can always be 
demonstrated, even in the older sieve tubes. The technique of 1891 and 1895 
was sufficient for the demonstration of these nuclei, but apparently it was not 
thought worth while to use such tedious methods in anatomical work. SCHMIDT 
promises a paper on the structure and function of the sieve tube.—CHARLEs J. 
CHAMBERLAIN. 


2 TuBEUF, K. von, Rassenbildung bei Ahorn-Rhiytisma. Naturwiss. Zeitschr. 
Forst- u. Landwirtschr. 11: 21-24. 1913. 

22 BLACKMAN, V.H.,and WELsForD, E. J., Fertilization in Lilium. Ann. Botany 
27:111-114. pl. 12. 1913. 

23 Scumipt, E. W., Der Kern der Siebréhre. Ber. Deutsch. Bot. Gesells. 31:78, 79. 
Igt3. 
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